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ihe First Object-Oriented, X-Windows Software for 
Scientific Data and Signal Analysis. 


First to Finish 

Whether it’s a new product, a contract or R&D, 

we know you need to get there first...and fast. N!Power 
gives you X-Windows ease of use and network 
interoperability. N/Power’s plug-compatible objects 
mean productivity and flexibility. 



























First in Power 

N!Power means Power Windows that go beyond 
X-Windows and graphics software toolkits to integrate 
your underlying applications. Bring existing 
code up to X-Window, object-oriented 
standards quickly. 


First in Simplicity 

Go from design to prototype in a 
snap with N/Power’s extensive 
built-in analysis functions, 
sophisticated graphics and its user 
extendable components. 


First for OEMs and VARs 

The move from system development 
to delivery is fast with N!Power’s 
runtime modules. N/Power’s open 
architecture is your best bet for a 


“Call Signal Technology, the industry leader, for your inning advantage. 


1-800-235-5787 
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120 Cremona Drive = P.O. Box 1950, Goleta, CA 93116-1950 m 805-968-3000 = Telex 650-280-1641 = Fax 805-968-2620 
Circle No. 2 SPEA 7/91 








LANNET II.5 
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COMNET II.5 
Wide Area Networks 





New for local or wide area 
network analysts 
Free trial and, if you act now, free training 


ae II.5 uses simulation to predict 
your LAN performance. You simply 
describe your LAN and workload. 

Animated simulation follows immediately 
--no programming. 


Easy-to-understand results 

You get an animated picture of your LAN. 
System bottlenecks and changing levels of 
utilization are apparent. 

Your reports show LAN statistics such as 
transfer times, delays, and queues. Client, server, 
and gateway statistics show queue lengths, 
waiting times, and messages sent. 


Your LAN simulated 

You can predict the performance of any LAN. 
Industry standard protocols such as Ethernet, 
Token Ring, Token Bus, FDDI, and 10Base-T 
are built-in. Variations can be modeled. 


(oer II.5 uses simulation to predict 
your network performance. You simply 
describe your network, traffic load, and routing. 

Animated simulation follows immediately 
--no programming. 


Easy-to-understand results 

You get an animated picture of your network. 
Routing choices and changing levels of network 
utilization are apparent. 

Your reports show response times, blocking 
probabilities, call queueing and packet delays, 
network throughput, circuit group utilization, 
and circuit group queue statistics. 


Your network simulated 

You can include LAN’s and multidrop lines in 
your model. X.25, SNA, DECnet, ISDN, SS7, 
fast packet, TCP/IP, token passing, and 
CSMA/CD are easily modeled. 





Free Trial Offer 


The free trial contains everything you need to 
try LANNET II.5™ or COMNET II.5® on 
your PC, Workstation, or Mainframe. Act now 
for free training--no cost, no obligation. 


For immediate information 

For LANNET II.5 call Eric Chapman, or for 
COMNET II.5 call Chris LeBaron, at (619) 
457-9681, Fax (619) 457-1184. In Europe, call 
Nigel McNamara, in the UK, on 0276 671 671, 
Fax 0276 670 677. In Canada, call Peter Holt on 
(613) 782-2474, Fax (613) 782-2202. 

University faculty should call about our 
special offer for research and teachitig. 
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Rush free trial and training information for: 
CILANNET II.5 LICOMNET II.5 


Name 





Organization 





Address 








Telephone Fax 





Computer Operating System 


Return to: In Europe: In Canada: 
CACI Products Co. CACI Products Division CACI Products Div. 
3344 N. Torrey Pines Ct. Coliseum Business Ctr. 200-440 Laurier Ave. W. 
La Jolla, CA 92037 Watchmoor Park, Riverside Way Ottawa, Ontario KIR 7X6 
Call Eric Chapman Camberley, Surrey GU15 3YL Call Peter Holt 
or Chris LeBaron United Kingdom on (613) 782-2474 
at (619) 457-9681 Call Nigel McNamara Fax (613) 782-2202 
Fax (619) 457-1184 on 0276 671 671 
Fax 0276 670 677 





LANNET IL.5 is a trademark and service mark of CACI Products Company, COMNET II.5 is a registered trademark and service mark of CACI Products Company. ©1990 CACI Products Company. 











SCIENCE “SCOPE 


Pilots flying special operations helicopters on low-level missions in total darkness, smoke and fo 
will be aided by the field-proven Hughes Aircraft Company Night Vision System, designated the 
AN/AAQ-16. HNVS is being installed on U.S. Army MH-47E Chinooks and MH-60K Blackhawks, 

on U.S. Air Force MH-60G Pavehawks, and a derivative of the system has been selected for the 
Marine Corps’ V-22 tilt rotor aircraft. The system, produced by Hughes, has been installed on several 
other military helicopters, including the U.S. Navy’s SH-2F Light Airborne Multi-Purpose System 
(LAMPS) MKI. The turret mounted infrared system provides the crew with TV-like imagery on a 
cockpit panel display. 





Music listeners can hear dramatic 3-dimensional sound from conventional mono and stereo recording 
or broadcast sources, thanks to a sound reproduction technique developed by Hughes. This Sound 
Retrieval System (SRS) creates the ambiance and dynamic range of a live performance or studio 
recording. It retrieves and restores spatial information using real-time processing techniques that, like 
the human ear, recognize the direction from which a sound originates. Because its circuitry has been 
reduced to a single microchip, SRS is likely to be incorporated into a wide variety of audio products. 


A new antenna with an integral high-speed computer helps an airborne radar system achieve higher 
resolution ground maps. The radar, designed and built by Hughes for the U.S. Air Force, uses a 


phased-array Electronically Scanning Antenna (ESA) and a Beam Steering Computer (BSC) to create 
the wide instantaneous bandwidth necessary for distinguishing between closely-spaced targets. When 
the BSC is commanded by the flight’s mission computer to scan a certain area, the BSC moves the 
radar beam by computing new settings for the electronic phase shifters several million times a second. 


AMRAAWM'’s first ground test launch confirms laboratory analysis and simulations of the missile’s 


performance when fired with zero initial velocity. In the tests, a next-generation Advanced Medium- 
Range Air-to-Air Missile (AMRAAM) was fired from a standard F-16 aircraft missile rail launcher 
mounted at a 30-degree elevation from the ground. The Hughes-built AMRAAMs, combined with 
the TPQ-36A three-dimensional radar, are part of a joint program with Norsk Forsvarsteknologi 

of Norway to help the Royal Norwegian Air Force create a totally new Advanced Surface-to-Air 
Missile capability. 


Hughes’s Space & Communications Group needs Senior Scientists to design and develop advanced 
digital communication systems for DoD satellites, using digital processing techniques. The job 


involves technical supervision, subsystem requirement definition, simulation/analysis, implementation 
trade studies, and detailed architectural design. Applicants should have an MSEE and 12 years 
experience, with a strong knowledge of hardware and software design plus proven ability to interact 
with customers, system engineers, analysts and designers. For immediate consideration, please 

send your resume to: Hughes Aircraft Company, Space & Communications Group, S40-T370, 

P.O. Box 92919, Los Angeles, CA 90009. Proof of U.S. citizenship may be required. Equal 
Opportunity Employer. 


For more information write to: P.O. Box 45068, Los Angeles, CA 90045-0068 





bee a ualies oicratsCempanly Subsidiary of GM Hughes Electronics 





MAY 8. Scientists at BellCore, 
Livingston, N.J., said they de- 
veloped a technique for making 
high-temperature superconduct- 
ing devices out of atom-thin lay- 
ers of superconducting yttrium- 
barium-copper-oxide and non-- 
superconducting praseodym- 
ium-copper and oxygen atoms. 
Immediate potential uses are in 
extremely sensitive radiation, 
microwave, and magnetic field 
detectors, the researchers said. 


MAY 14. The Economic Strate- 
gy Institute, Washington, 
D.C., released a study showing 
that Japanese companies have 
made more than half of the for- 
eign purchases of stakes in U.S. 
high-technology concerns dur- 
ing the last 2-1/2 years. The 
Japanese haul includes invest- 
ments in 66 companies in com- 
puters, 41 in semiconductors, 27 
in advanced materials, 25 in 
semiconductor equipment, 23 in 
telecommunications, and 11 in 
| aerospace. 


MAY 17. Astronomers at the God- 
dard Space Flight Center, 
Greenbelt, Md., said the Hub- 
ble Space Telescope had ob- 
served gas clouds circling a star, 
Beta Pictoris in the constella- 
tion Pictor, revealing for the first 
time the broad structure and dy- 
namics of what could be a plane- 
tary system in the making. 
Scientists also reported that the 
Hubble’s spectrograph detected 
the distribution of brief, intense 
flashes of gamma rays in regions 
relatively near the Milky Way— 
rather than farther out, as many 
astrophysicists had assumed. 


MAY 20. General Electric Co., 
Fairfield, Conn., said it has won 
permission from the Japanese 
Government to proceed with a 
$1 billion contract to build the 
world’s first two advanced 
boiling-water nuclear power 
reactors in Japan. Hitachi Ltd. 
and Toshiba Corp. will help to 
install the plants—an order 
worth $4.8 billion—at Tokyo 
Electric Power Co’s Kashiwaz- 
aki-Kariwa power station. 
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Newslog 


MAY 23. The 17-nation Coor- 
dinating Committee for 
Multilateral Export Con- 
trols agreed to allow Western 
countries, led by the United 
States, to sell a vast array of 
high-technology items, including 
PCs, lasers for semiconductor 
manufacturing equipment, 
scientific instruments, and civil- 
ian aircraft, to the USSR and its 
former East European allies. 
But optical-fiber, night vision, 
and thermal imaging equipment 
remain closely controlled. 


MAY 28. CHI Research Inc., 
Haddon Heights, N.J., released 
a study done for the Federal 
government that compared the 
technical strengths of 1100 com- 
panies worldwide through the 
number of influential paterits is- 
sued from 1983 through 1989. 
Though U.S. companies led in 
patents (105 000) during that 
time, the analysis showed that 
the United States could be over- 
taken if Japan’s advances con- 
tinue at the same pace they did 
in that time frame (77 000 pa- 
tents), a remarkable feat for a 
nation with a far smaller indus- 
trial base. 


MAY 29. ICL PLC, the UK- 
based computer manufacturer in 
which Japan’s Fujitsu Ltd. has 
a majority stake, said it would 
buy Finland’s Nokia Data, the 
computer arm of Nokia Group, 
for US $400 million. The deal 
will give the combined compa- 
ny, employing 24 000 people 
worldwide with global sales of 
$4 billion, fifth place in Europe’s 
$102 billion computer market. 


JUNE 3. The United States and 
Japan agreed to a new semi- 
conductor pact similar to the 
1986 one due to expire on July 
31. Under the new agreement, 
the target for the share of all for- 
eign companies in the Japanese 
market was kept at 20 
percent—a target still to be met. 
The pact, however, contained no 
timetable for reaching this level. 
The pact also calls for the Unit- 
ed States to suspend import 





duties imposed on some Japa- 
nese products since 1987. The 
agreement will run for five 
years, with an option to ter- 
minate it after three. 


JUNE 4. Thinking Machines 
Inc., Cambridge, Mass., said it 
reclaimed its title as maker of 
the world’s fastest supercom- 
puter by introducing a machine, 
the CM-200, that delivered 9.03 
billion floating-point operations 
per second (gigaflops) in one 
test and 17 gigaflops in another. 
That beats the 8.6 gigaflops of 
the Santa Clara, Calif.-based 
Intel Corp.’s Touchstone Delta 
supercomputer, introduced a 
week earlier. 


JUNE 5. Scientists at the U.S. 
Department of Commerce’s 
National Oceanic and At- 
mospheric Administration 
said that a sun storm was dis- 
turbing the earth’s magnetic 
field and threatening electric 
utility equipment and communi- 
cation systems in the northern 
United States and Canada. The 
storm also exposed some satel- 
lites to such high levels of radi- 
ation that they may have mal- 
functioned briefly. 


JUNE 5. The U.S. Senate 
passed by an overwhelming 
margin legislation to allow the 
seven regional telephone 
companies to manufacture 
equipment—an important step 
toward rewriting the antitrust 
ruling that broke up AT&T Co. in 
1984. Although the measure 
now moves to the House of 
Representatives, the Bush ad- 
ministration said it would veto 
the legislation unless provisions 
are removed limiting foreign 
components and requiring 
production only in the United 
States. 


JUNE 5. The space shuttle 
Columbia was launched in 
Cape Canaveral, Fla., for a nine- 
day mission of Spacelab 1, with 
seven astronauts, 30 rats, and 
2500 jellyfish aboard. The crew 
will conduct what NASA called 





the most comprehensive bio- 
medical studies ever done in 
space, including investigations of 
weightlessness, dizziness, and 
motion sickness. 


JUNE 6. The U.S. House of 
Representatives voted to 
spend nearly US $2 billion next 
year on the Space Station 
Freedom after NASA agreed to 
freeze spending on all other 
space projects at their current 
levels. The 240-to-173 vote was 
made three weeks after a House 
Appropriations space subcom- 
mittee voted to end the project. 


JUNE 7. Conductus Inc., Sun- 
nyvale, Calif., said it had demon- 
strated the world’s first IC made 
with high-temperature supercon- 
ductors. The ultrasensitive mag- 
netic detector chip has seven 
layers of materials, more than 
any other previous device made 
from the new superconductors. 


JUNE 7. The Bush administration 
announced that the United 
States and Japan would ease 
their export controls on su- 
percomputers to allies in 
Western Europe and the Pacific 
Rim. The pact requires export 
safeguards only for supercom- 
puters doing more than 195 mil- 
lion theoretical operations per 
second. But the accord also 
tightens export restrictions for 
30 countries that have yet to sign 
the Nuclear Non-Proliferation 
Treaty and for others that are 
suspected to be developing long- 
range missiles. 


Preview: 

JULY 11. The longest total solar 
eclipse until 2132 is expected to 
be visible around sunrise on the 
Big Island of Hawaii, around 
noon in Baja California and off 
the coast of Mazatlan, Mexico, 
and at sunset in Barra do Sao 
Manuel, Brazil. The event will 
have a totality duration of a 6- 
minute and 58-second maxi- 
mum, just 33 seconds short of 
the greatest duration possible. 


COORDINATOR: Sally Cahur 
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PECIAL REPORT: CONCURRENT ENGINEERING 


RT 


New rules for design 
By SAMMY G. SHINA 


World-class companies must focus all 
their resources so that new products are 
high in quality and work right the first 
time. Designs can no longer be tossed 
“over the wall’ to manufacturing. Instead, 
as early as possible, concurrent 
engineering teams up a company’s 
knowledge of design and development 
with its experience in marketing, 
manufacturing, service, and sales. 


The Darpa initiative 


By RAMANA REDDY, RALPH T. WOOD, and K. JOSEPH CLEETUS 
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Executing Thermal Analysis ... 


A thermal, reliability, and noise analysis package displays the temperature distribution on a 
simulated circuit board. Such analyses are used to fix problems before a design is 
completed. The Defense Advanced Research Projects Agency (Darpa) seeks to integrate 
analyses of this kind with other systems in concurrent engineering. 
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Making 
By JON TURINO 


Dedication, teamwork, and a sweeping 
corporate cultural change are essential 
for all products, whether one of a kind 
or turned out in high volume. It takes 
commitment by the entire organization, 
from top to bottom. In place of the 
typical short-term business focus, 
concurrent engineering encourages 
quality, trouble-free products, and 
continuous improvement. 


it work 


Success. stories 


Systems Division, Litton Systems inc. 





The experience of four different 
companies implementing concurrent 
engineering reveals its applicabiity to a 
wide range of products and systems— 
from the Patriot missile, to electronic 
measuring instruments, to internetwork 
bridges and routers, to the mirrors for 
optical telescopes. These case histories 
illustrate how these companies are 
coming to grips with introducing 
concurrent engineering procedures and 
reaping the benefits. 








IEEE SPECTRUM JULY 1991 











APPLICATIONS 


38 Selecting math 


COProcessors 
By WARREN E. FERGUSON Jt 
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Fractal images such as this view of a 
Mandelbrot set require intensive 
computations—and math coprocessors 
can help personal computers do them 
fast. The coprocessors also excel at 
simulation and data analysis, among 
other areas. The key: algorithms 
implemented in hardware. 


42 1991 Major Medalists 


The IEEE honors 12 outstanding 
contributors to electrotechnology for 
developments made during careers 
spanning many years. 
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21 Is college a 


commodity? 
By DONALD CHRISTIANSEN 


As 23 institutions in the Northeast tried 
to allocate student aid equitably by 
sharing information on student needs, 
the U.S. Department of Justice stepped 
in and charged the process violated 
antitrust laws. The issue could enter the 
courts, unless legislation is passed to 
render the Justice Department’s case moot. 
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COver: Being on target with 
concurrent engineering means that all 
elements contributing to the success of a 
product must be simultaneously involved. 
Design by Gus Sauter, photographed by 
Chuck Kintzing. See p. 22. 
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Reflections 








Engineers: 
born or made 


eople often ask me how I be- 
came an engineer, as if to say, 
how did you pick up this ter- 
rible disease? Since no one 
asks lawyers and business ty- 
coons how they became what they are, I feel 
some resentment. Imagine someone asking, 
“Mr. Trump, how did you decide to become 
areal estate magnate?’’ I could imagine the 
Donald reflecting for a moment. ‘‘Well, first 
I considered engineering,’’ he replies. ‘‘But 
I decided that the potential for philosophi- 
cal gratification and self-realization 
in that, ah. . . profession, was not, 
well, what I had come to expect.”’ 

Usually I’m bored with this 
topic, so when someone asks that 
question, I simply say that I was 
born an engineer. That cuts the 
conversation short, with the ques- 
tioner nodding in apparent under- 
standing. I can see the thoughts 
flickering across the faces of these 
people. ‘‘Of course,’’ they are 
thinking. ‘‘What a terrible burden 
to carry through his life. Amazing 
that he turned out so well— 
considering.’’ 

In one of my responsibilities at 
work, I often had the task of in- 
troducing military generals as ban- 
quet speakers. I was always given 
an official biography, but they all 
seemed the same to me. (I suppose our en- 
gineering biographies look the same to 
generals, too.) Something that caught my at- 
tention, though, was that these biographies 
always began with ‘‘General Whatshisname 
was born in Abilene, Kansas.”’ 

The concept of being born a general 
amused me. I would imagine the family and 
friends gathered around the baby’s crib in 
Abilene. ‘‘Why just look at the little gener- 
al!’’ they would exclaim. There would prob- 
ably be three stars on the baby’s diaper. 

But instead, imagine the family that has 
just had a baby engineer bestowed upon 
them. As the expectant father paces ner- 
vously in the waiting room of the maternity 
ward, the swinging door opens and the doc- 
tor enters. He looks distracted, and avoids 
making eye contact with the anxious father. 
But as he hesitates in speaking, obviously 
trying to frame his words, the father leaps 
into the silence. 

“Ts ita boy?’’ he asks. There is a fractional 





pause—a kind of neutrality—in the doctor’s 
silent expression. ‘Then it’s a girl!’’ con- 
cludes the father breathlessly. By now the 
doctor has forgotten the comforting words 
that he had planned. There is the briefest 
negative shake of his head. ‘‘No, it’s an en- 
gineer,’’ he blurts out artlessly. 

The father stiffens, resisting a display of 
disappointment. ‘‘You’re . . . you’re sure?”’ 
he stammers. “‘I’m afraid so,’’ says the doc- 
tor in his most practiced, soothing voice. 
Now a frown creases the father’s face as an 
afterthought suddenly occurs to him. “‘Is it 
a boy engineer or a girl engineer?’ he asks 
timidly. For a moment the doctor seems un- 
certain. ‘‘I’m pretty sure it is a boy en- 
gineer,’’ he says reflectively. 

Several moments of awkward silence pass 





before the new father probes the doctor’s 
uncertainty. ‘‘How can you tell—I mean, 
about the engineer part?’’ he asks. The ap- 
prehension on his face seems to invite a 
withdrawal of the diagnosis. But the doctor 
shakes his head firmly to cut short this fu- 
tile hope. ‘‘You can always tell,’’ he says. 
“‘The normal baby appears with a content- 
ed expression on its face—almost as if it 
wants to burst into song—whereas your typi- 
cal engineer . . . well, I don’t mean to imply 
that there is anything abnormal about an en- 
gineer . . . but they usually are frowning crit- 
ically at the forceps. You can see their little 
minds ticking away, thinking about how they 
have to improve this place that they’ ve come 
into.”’ 

Amused by this fantasy, I polled some of 
my engineer friends to find out how they be- 
came engineers. “‘Do you feel that you were 
born an engineer, or made into one?’’ I 
asked. No one admitted to being born an en- 
gineer. Instead they would give almost iden- 


tical stories. ‘‘Well, I always liked to play 
with radios (or some such mechanical or 
electronic gadget),’’ they would say. 

Then they invariably finished with a note 
of pride. ‘‘I was always good in math and 
science,’’ they said to explain why. It 
seemed to me their stories were tantamount 
to confessing to being born an engineer, but 
I suppose there are limits to self-revelation. 

This matter bears on a problem our 
profession will face in the near future. En- 
gineering will have to appeal more to women 
and minorities, and perhaps not everyone 
that the profession needs will feel that he or 
she was born an engineer. 

One of my IEEE friends whispered a bit 
of heresy to me the other day. After glanc- 
ing nervously around the room, he ventured 
¢ an outrageous hypothesis. ‘‘Per- 
= haps engineering is a trainable 
skill,’’ he said. I composed my 
face into a shocked expression, 
and shook my head in proper ad- 
monishment. 

Do you mean, I thought to 
myself, not daring to voice the 
words, that someone who hadn’t 
been born an engineer—someone 
who hadn’t played with mechan- 
ical and electronic things or hadn’t 
necessarily aced the math and 
science courses—that such a 
person could actually be admitted 
to our sacred profession? What 
about our stiff entrance require- 
ments and the series of tests and 
abstract mathematics courses that 
we have cleverly crafted for the 
early years of college? Only some- 
one with innate engineering skills and total 
dedication to the profession could survive 
the weeding-out process. Only someone 
like us. 

Sensing my disbelief, my IEEE friend 
hesitantly elaborated on his tenuous prem- 
ise. ‘‘Suppose, just suppose, that we were 
to encourage people—maybe even nurture 
them—instead of just testing them?’’ he 
offered. 

Well, this was going too far. Did this mean 
that a normal baby could actually become 
an engineer? My mind wandered back to the 
maternity ward, and now I imagined the doc- | 
tor telling the new father that his wife has 
given birth to a healthy baby. 

The father looks up in disappointment. 
“But we had hoped for an engineer,’’ he 
says sadly. The doctor smiles, happy to be 
the bearer of good news. ‘‘You never 
know,”’ he says. “‘Times have changed.”’ 


Cathy Wass 





Robert W. Lucky 
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High-Performance 

Numeric Computation 

and Data Analysis 
ATLAB has rapidly become an 


industry standard for engineer- 
ing and scientific research. Its unique 


| interactive interface, algorithmic foun- 


dation, easy extensibility, and speed 
make MATLAB the software system of 
choice for high productivity and high 
creativity research. 


Proves and solutions are expressed 
just as they are written mathemat- 
ically — without the need for traditional 
programming. As a result, you can 
solve numerical problems in a fraction 
of the time required to write a program 
in Fortran, Basic, or C. Then plot the 
results as 2-D and 3-D graphics, with 
publication-quality output to plotters, 
dot-matrix printers, and laser printers. 





“7 can create algorithms so 
easily that it almost seems 
like cheating.” 


Personal Engineering & 
Instrumentation News 





dd to MATLAB your choice of tools 

for digital signal processing, 
system identification, control system 
design, and more. MATLAB’s open- 
system design lets you see the algorithms 
and the implementations, even change 
them to suit your specific requirements. 


ATLAB is developed by The 

MathWorks, a leader in software 
for data analysis and mathematics. Our 
users— in thousands of companies and 
universities — know that MATLAB 
enables them to work more creatively 
and productively. Take a look at how 
MATLAB can do the same for you. 





MATLAB is a trademark of The MathWorks, Inc. Other product and brand names 
are trademarks or registered trademarks of their respective holders. 

















“MATLAB is 
the undisputed 
choice for 
computation- 
intensive 
engineering 
work.” 
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28th Nuclear and Space 
Radiation Effects Confer- 
ence (IEEE Nuclear and Plas- 
ma Sciences Society); July 15- 
19; Town and Country Hotel, 
San Diego, Calif.; James R. 
Schwank, Sandia National 
Laboratories, Division 2144, Box 
5800, Albuquerque, N.M. 
87185; 505-846-8485. 


LEOS Summer Topical 
Meetings on: Spaceborne 
Photonics: Aerospace Appli- 
cations of Lasers and 
Electro-Optics (LEO/AES); 
July 22-24. Optical Milli- 
meter-Wave Interactions: 
Measurements, Genera- 
tion, Transmission and 
Control (LEO/MTT); July 24- 








26. Epitaxial Materials and 
In Situ Processing for Op- 
toelectronic Devices (LEO); 
July 29-31. Microfabrication 
for Photonics and Optoelec- 
tronics (LEO); July 31-Aug. 2; 
Sheraton Newport Beach, Cali- 
fornia; Glenda McBride, IEEE/ 
LEOS, 445 Hoes Lane, Box 
1331, Piscataway, N.J. 08855- 
1331; 908-562-3896. 


Power Engineering Society 
Summer Meeting (PE); July 
28-Aug. 1; Marriott Hotel, San 
Diego, Calif.; T.M. Winter, San 
Diego Gas & Electric Co., 101 
Ash St., Box 1831, San Diego, 
Calif. 92112; 714-232-4252. 


International Conference 
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Rove RC biquad and switched-capacitor filters are a breeze to specify 
and analyze with MicroSim Corporation’s interactive design aid, Filter 
Designer 5.0. Complex design alternatives can be quickly evaluated 
using Filter Designer’s classical and non-standard transfer functions, 
delay equalization, and sensitivity analysis capabilities. Filter behavior is 
easy to visualize with a full range of plot types: Bode, pole-zero, and 
step-impulse response. 


From filter specification to implementation, Filter Designer offers the 
user complete control. Fine tuning of designs is easy with a full editing 
capability to insert, delete, and reorder stages, or modify coefficient 
values. Components may be scaled or resized to center values within 
preferred ranges. Schematic displays of supported circuit configurations 
are always at hand. 


As a member of the MicroSim Corporation family of products, filter 
designs created using Filter Designer can be further simulated and 
analyzed using the PSpice circuit simulator and Probe waveform 
analyzer. 


For more information about Filter Designer— part of our Circuit 
Synthesis package— or any of our other products, please call us at 
(800) 245-3022 or FAX at (714) 455-0554. 


Meetings, Conferences and Conventions 


on Systems Engineering 
(AES); Aug. 1-3; Wright State 
University, Dayton, Ohio; B.A. 
Shenoi, EE Department, Wright 
State University, Dayton, Ohio 
45435; 513-873-3527. 


26th Intersociety Energy 
Conversion Engineering 
Conference-IECEC ’91 
(ED); Aug. 3-9; Boston Marri- 
ott Hotel, Boston; Patrick 
Bailey, Lockheed Missiles & 
Space Co., 1111 Lockheed Way 
(59-32-535), Sunnyvale, Calif. 
94088; 408-756-4268. 


Cornell Conference on Ad- 
vanced Concepts in High- 
Speed Semiconductor 
Devices and Circuits (ED); 
Aug. 5-7; Cornell University, 
Ithaca, N.Y.; R.J. Trew, North 
Carolina State University, Elec- 
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trical and Computer Engineer- 
ing Department, Box 7911, 
Raleigh, N.C. 27695; 919-737- 
2336. 


IEEE members attend more than 
5000 IEEE professional meetings, 
conferences, and conventions held 
throughout the world each year. 
For more information on any meet- 
ing in this guide, write or call the 
listed meeting contact. Information 
is also available from: Conference 
Services Department, IEEE Service 
Center, 445 Hoes Lane, Box 1331, 
Piscataway, N.J. 08855; 908-562- 
3878; submit conferences for list- 
ing to: Rita Holland, /EEE Spec- 
trum, 345 E. 47th St., New York, 
NY. 10017; 212-705-7569. 

For additional information on 
hotels, conference centers, and 
travel services, see the Reader 
Service Card. 
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Filter Designer Bode Plot 


ed MicroSim Corporation 


20 Fairbanks ¢ Irvine, California 92718 USA 
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PSpice is a registered trademark of MicroSim Corporation. All other brands and product names are trademarks or registered trademarks of their respective holders. 
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Meetings, Conference 
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28th Nuclear and Space 
Radiation Effects Confer- 
ence (IEEE Nuclear and Plas- 
ma Sciences Society); July 15- 
19; Town and Country Hotel, 
San Diego, Calif.; James R. 
Schwank, Sandia National 
Laboratories, Division 2144, Box 
5800, Albuquerque, N.M. 
87185; 505-846-8485. 


LEOS Summer Topical 
Meetings on: Spaceborne 
Photonics: Aerospace Appli- 
cations of Lasers and 
Electro-Optics (LEO/AES); 
July 22-24. Optical Milli- 
meter-Wave Interactions: 
Measurements, Genera- 
tion, Transmission and 


26. Epitaxial Materials and 
In Situ Processing for Op- 
toelectronic Devices (LEO); 
July 29-31. Microfabrication 
for Photonics and Optoelec- 
tronics (LEO); July 31-Aug. 2; 
Sheraton Newport Beach, Cali- 
fornia; Glenda McBride, IEEE/ 
LEOS, 445 Hoes Lane, Box 
1331, Piscataway, N.J. 08855- 
1331; 908-562-3896. 


Power Engineering Society 
Summer Meeting (PE); July 
28-Aug. 1; Marriott Hotel, San 
Diego, Calif.; T.M. Winter, San 
Diego Gas & Electric Co., 101 
Ash St., Box 1831, San Diego, 
Calif. 92112; 714-232-4252. 
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Discover the advantages of belonging to the 
world’s largest professional technical 
society—The Institute of Electrical and 
Electronics Engineers, Inc. Join us! 
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Control (LEO/MTT); July 24- | International Conference The Institute of Electrical and 
Electronics Engineers, Inc. 
® 445 Hoes Lane, P.O. Box 1331 
‘EE Piscataway, N.J. 08855-1331, USA (201) 562-5524 
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Filter Designer 5.0 


Arrive RC biquad and switched-capacitor filters are a breeze to specify 
and analyze with MicroSim Corporation’s interactive design aid, Filter 
Designer 5.0. Complex design alternatives can be quickly evaluated 
using Filter Designer’s classical and non-standard transfer functions, 
delay equalization, and sensitivity analysis capabilities. Filter behavior is 
easy to visualize with a full range of plot types: Bode, pole-zero, and 
step-impulse response. 
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From filter specification to implementation, Filter Designer offers the 
user complete control. Fine tuning of designs is easy with a full editing 
capability to insert, delete, and reorder stages, or modify coefficient 
values. Components may be scaled or resized to center values within 
preferred ranges. Schematic displays of supported circuit configurations 
are always at hand. 
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As a member of the MicroSim Corporation family of products, filter 
designs created using Filter Designer can be further simulated and 
analyzed using the PSpice circuit simulator and Probe waveform 
analyzer. 


For more information about Filter Designer— part of our Circuit 
Synthesis package— or any of our other products, please call us at 
(800) 245-3022 or FAX at (714) 455-0554. Circle No. 10 


PSpice is a registered trademark of MicroSim Corporation. All other brands and produc! 








East meets West 

Trudy E. Bell 

If you are at all interested in the world’s 
space programs or science fiction, this is a 
beautiful book to receive as a gift (and one 
well worth the occasional unsubtle hint to 
ensure that you receive it). Paintings from 
renowned artists are stunningly reproduced 





In the Stream 
of Stars: The 
Soviet/American 
Space Art 
Book. William K. 
Hartmann, Andrei 
Sokolov, Ron 
Miller, and Vitaly 
Myagkov, Workman 
Publishing Co., 
New York, 1991, 
183 pp., $29.95 
cloth, $1995 paper 
in its glossy, large-formatted pages; even the 
paperback version makes no compromise. 
In addition to chapters by the four lumi- 
naries who edited the book (all well-known 














Books 


in the astronomy, space, or space-art com- 
munities), there is a reminiscence on how 
it felt to walk on the moon by former Na- 
tional Aeronautics and Space Administration 
astronaut Alan Bean and a historical per- 
spective by poet and science fiction writer 
Ray Bradbury. What more could one ask? 

While a few of the paintings will be famil- 
iar to aficionados, most of them are utterly 
fresh—particularly those by the Soviet ar- 
tists. In fact, the book is a diplomatic first: 
the first collaboration between artists from 
the two superpowers and leading space- 
faring nations, strikingly illustrative of their 
differing visions of the universe. 

For there are indeed differences—subtle, 
but consistent and probably culturally signifi- 
cant. While for the most part, the works of 
both nations’ artists are ebullient, some of 
the Soviets have also portrayed less idealis- 
tic moods, such as the exhausted cosmonaut 
in ‘‘Oh, God, How Tired I Am,”’ by Josef 
Minsky [see photo]. And in general, while 
the U.S. artwork tends to be almost pho- 
tographically sleek and geometrical, the So- 





viet art gives a greater sense of feeling for 
the canvas and the brush. 

Moreover, the q 
Soviet artists also 
tend to evoke | 
more images of 
mythology—in- 
cluding racing wild 
white horses and 
angelic trumpeters 
—and even whim- 
sy, such as the first 
snowman on Mars. They also seem to be 
slightly less shy about portraying women and 
children in addition to bizarre landscapes and 
proudly glistening machines. 

In the Stream of Stars gives individual bi- 
ographies of the more than 70 artists whose 
works appear—and so subtly that only after 
a while did it dawn on me that throughout 
the book the captions and biographies of the 
USS. and Soviet artists are distinguished from 
one another by the color (navy or maroon) 
of bars above their names. 

The text is as fascinating as the art. It is 
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WHO HAS THE 
INDUSTRY'S 
FASTEST 
PC/AT IMAGE 
PROCESSING 
BOARD? 





The DT2867 combines a precision 
frame grabber and a 75MHz 
frame processor for real-time 
histograms, frame averaging, 
math and logic...all on a single board. 
Available immediately from 
Data Translation, 100 Locke Drive, 
Marlboro, MA 01752-1192 


FREE Handbook 
(508) 481-3700 
ee 





DATA TRANSLATION 





THE LEADER IN DATA ACQUISITION 
AND IMAGE PROCESSING 
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Books 


highly personal—often written in the first 
person. Graphically, it also cleanly sets off 
the art and is printed in a large and reada- 
ble, as well as aesthetic, font. 

Allin all, it is a book you are likely to pick 
up and thumb through many times—along 
with your family and friends. 





Senior Editor Trudy E. Bell, who first got interested 
in space technology through astronomy and science 
fiction, co-edited Close Up: New Worlds with Ben 
Bova (St. Martin’s Press, 1977) and wrote a science- 
fiction novelette “Harem” with Ilil Arbel that was pub- 
lished in Analog magazine (March 1979). 





COORDINATOR: Glenn Zorpette 


Recent Books 


Embedded Controller FORTH For the 8051 Fami- 
ly. Payne, William H., Academic Press, San 
Diego, Calif., 511 pp., $49.95. 








Digital Design, 2nd edition. Mano, Morns M., 
Prentice-Hall, Englewood Cliffs, N.J., 1991, 
516 pp., $52. 


Discrete Mathematics. Biggs, Norman L., 
Oxford University Press, New York, 1989, 
480 pp., $39.95. 


TurboC++ Disk Tutor. Voss, Greg, and Chui, 
Paul, Osborne McGraw-Hill, Berkeley, 
Calif., 1990, 503 pp., $39.95. 


Investigations In Algebra. Cuoco, Albert, MIT 
Press, Cambridge, Mass., 1990, 623 pp., 
$29.95. 


Using SCO UNIX. The LeBlond Group, Os- 
borne McGraw-Hill, Berkeley, Calif. , 1990, 
610 pp., $27.95. 


The Digital Connection. Lebow, Irvin, Com- 
puter Science Press, New York, 1991, 261 
pp., $15.95. 


VHDL. Perry, Douglas L., McGraw-Hill, San 
Ramon, Calif., 1991, 458 pp., $39.95. 


Quick: The Complete Reference. Feibel, Wer- 
ner, Osborne McGraw-Hill, Berkeley, Calif., 
1990, 1092 pp., $29.95. 


Adaptive Filter Theory, 2nd edition. Haykin, 
Simon, Prentice-Hall, Englewood Cliffs, 
N.J., 1991, 854 pp., $66. 


Teach Yourself GW—Basic. Albrecht, Bob, Os- 
borne McGraw-Hill, Berkeley, Calif., 1990, 
408 pp., $19.95. 


Running Windows, 2nd edition. Stinson, Craig 
and Andrews, Nancy, Microsoft Press, Red- 
mond, Wash., 1990, 516 pp., $24.95. 


























































































































































































ADVANCED ENGINEERING 
EDUCATION 


if you're a busy professional engineer 
searching for a convenient way to 
further your education without inter- 
rupting your career...look to the VIP. 

Through the University of Massa- 
chusetts at Amherst, the VIP offers a 
wide variety of advanced engineer- 
ing courses, delivered to your work- 
place by videotape or live broadcast. 
The VIP gives you the advantage and 
flexibility to receive graduate level 
instruction at a time and place that fit 
your schedule. 

Call or write today about our 
degree and non-degree programs. 


Fall registration deadline 
is August 28, 1991. 


Video Instructional Program 
College of Engineering 

113B Marcus Hall 

University of Massachusetts 
Amherst, MA 01003 

(413) 545-0063 


An equal opportunity/affirmative action institution. 
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Easily create complex curves & 
surfaces with the graphical Formula- 


Generate contours, surfaces, and cross- 
sections from random X, Y, Z points. 






Choose from 26 graph types for 
business, technical, & scientific data. 
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Actual Trajectory 


NEW push-button “mouse-menus” 
allow easy access to frequently used 
features. Automate customized graph creation 


with pre-recorded macro & batch files. 





Integrate 2-D and 3-D data ona single 
graph to add meaning and impact. 


Presentation graphics and analysis for scientific users. 


Your technical data requires more muscle = Unrestricted placement of graphs & text 


and sophistication than basic business ® Direct compatibility with Microsoft Word 
graphics and plotting packages can & WordPerfect. 
provide. It’s simply a matter of using the With Graftool, all this power and 
right tool for the job. In addition to flexibility purr quietly under the hood, : 
publication-quality graphics, you need while pop-up menus and push-buttons > 
powerful analysis tools and capabilities bring an ease of use previously unheard 
such as Graftool’s # Intelligent Data of in scientific software. Just “point & @e 
Cursor™ to read out data points on curves _ process” with increased productivity and 
& surfaces @ Linear & non-linear curve- greater understanding. 
fitting # Unlimited zoom & rotation GRAFTOOL — the right tool for your *3- a VISIONS 
: = Multiple axes in linear, log, or Se technical solutions. 
bility scales # Advanced data handling, : : 
allowing over 268,000,000 data points GRAFTOOL $495. Reine beach CA OL pucnaeN 
= Powerful scientific spreadsheet which m Interactive demo available Call: 1 (800) 729-4723, 1 (213) 540-8818 
can directly read your Lotus or ASCII files "Academic discounts. FAX: 1 (213) 540-3492 
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Stars cool. Volcanos fizzle. Even suns burn out. 
But the IBM RISC System/6000™ family of 
POWERstations and POWERservers is no flash in 
the pan. In the year or so since we introduced it, 
its only gotten hotter—offering performance rang- 
ing from 9 to 25 MFLOPS and from 33 to 72 
SPECmarks. All at prices that won’t even make you 
break into a sweat. 


An operating system that sizzles. The 

RISC System/6000 family operates on AIX IBM’s 
enhanced version of the UNIX® operating system. 
AIX runs across the broadest range of platforms in 
the industry, and not only supports all major 




















Hardware | MFLOPS | SPECmarks™ 
PoweRrserver550 | $62,000| 25.2 72.2 | 
spaRcserver"470 | $77,800] 3.8 | 19.4 | 
DECsystem™ 5500 | $74,700 4 | 21.5 | 





industry standards and programming languages, 
but brings you additional enhancements like 
enriched file system capabilities, support for 
advanced systems management and much more. 
Best of all, AIX fans the flames of the RISC 
System/6000 family’s POWER architecture, to 


give you even hotter performance. 


MFLOPS are LINPACK double-precision where n=100. AIX XL FORTRAN Version 2.1 and AIX XL C Version 1.1 compilers were used for these tests. SPECmark is a geometric mean of 
the ten SPECmark tests. All prices current at publication 

IBM and AIX are registered trademarks and RISC System/6000 is a trademark of International Business Machines Corporation. UNIX is a registered trademark of UNIX Systems 
Laboratories. SPARCserver is a trademark of Sun Microsystems, Inc. DECsystem is a trademark of Digital Equipment Corporation. SPECmark is a trademark of Standard Performance 
Evaluation Corporation. HAGAR THE HORRIBLE Character(s) ©1991 King Features Syndicate, Inc. © 1991 IBM Corp. 


source of power 
to stay hot. 


DID YOU BRING 
THE MARSHMALLOWS? 


An applications platform spreading like 
wildfire. The RISC System/6000 family already 
runs over 3,000 diverse applications in mechanical 
design, visualization, software engineering, 

: accounting, retail store management and on and 

| on. But we're still feeding the fire. More and 

: more applications are being written and ported 

| over to run on the family every day. 
| 

| 


IBM support: an eternal flame. There’ never 
been anything lukewarm about IBM’s commitment 
| to its customers, and there never will be. With the 
| RISC System/6000, you get the unparalleled world- 


| wide support of IBM: service when you need it, 


For the Power Seeker. 











24 hours a day, 365 days a year. An IBM customer 
engineer can even come to your site and install your 
machines, configure your network and integrate 

all your systems, whether they’re made by IBM or 
not. It enough to make you feel warm all over. 

To find out how you can harness the power of 
the RISC System/6000 
family, call your IBM 
marketing representa- 
tive or Business Partner 
at: 1800 IBM-6676, 
ext. 845. Sorry, 
marshmallows 
not included. 
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Sixth International Symposium on In- 
telligent Control (CS); Aug. 12-16; Key 
Bridge Marriott, Arlington, Va., Alexander 
H. Levis, Dept. of Electrical and Computer 
Engineering, George Mason University, 
Fairfax, Va. 22030; 703-764-6282. 


International Symposium on Elec- 
tromagnetic Compatibility-EMC ’91 
(EMC et al.); Aug. 13-15; Hyatt Cherry Hill, 
Cherry Hill, N.J.; Henry W. Ott, 45 Baker 
Rd., Livingston, N.J. 07039; 201-386-6660. 


Neural Networks for Ocean Engineer- 
ing Workshop (NN/OE); Aug. 15-17; 
Loews L’Enfant Plaza Hotel, Washington, 
D.C.; Patrick K. Simpson, General 
Dynamics—Electronics, 5011 Kearny Villa 
Rd., Building 70, Mail Zone 7202-K, San 
Diego, Calif. 92186-5310; 619-573-2417. 


First International Conference on the 
Applications of Diamond Films and 
Related Materials (ED); Aug. 20-22; Au- 
burn University Hotel and Conference Cen- 
ter, Alabama; Y. Tzeng, Department of Elec- 
trical Engineering, Auburn University, 
Auburn, Ala. 36849; 205-844-1869 or -2427. 








Fourth International Vacuum Micro- 
electronics Conference (ED); Aug. 22- 
24; Nagahama Royal Hotel, Shiga, Japan; 
Junzo Ishikawa, Department of Electronics, 
Kyoto University, Sakyo-ku, Kyoto 606, 
Japan; (81+75) 753 5325 or 5021. 


Workshop on the Future of Electronic 
Power Processing and Conversion (IA); 
Aug. 28-29; Kruger National Park, South 
Africa; William Portnoy, Texas Tech Universi- 
ty, Dept. of Electrical Engineering, Box 4439, 
Lubbock, Texas 79409-3102; 806-742-3533. 


Region 10 Conference on Energy, 
Computer, Communication and Con- 
trol Systems—Tencon ’91 (C, COM, et 
al.); Aug. 28-30; Taj Palace Inter- 
Continental, New Delhi, India; K.R.S. Mur- 
thy, AT&T Bell Laboratories, Crawfords Cor- 
ner Road, Room 2N-437, Holmdel, N.J. 
07733; 908-949-4850; or H.L. Bajaj, B-101, 
Hillview Apartments, Vasant Vihar, New 
Delhi 110 057, India; (91+11) 360 412. 
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Bipolar Circuits and Technology Meet- 
ing (ED); Sept. 9-10; Minneapolis Marri- 
ott Hotel, Minnesota; John Shier, 2800 E. 
Old Shakopee Rd., Bloomington, Minn. 
55425; 612-853-3292. 








Petroleum and Chemical Industry 
Technical Conference (IA); Sept. 9-11; 
Royal York, Toronto; Barry Wiseman, Reli- 
ance Electric Co., 5220 Creekbank Rd., 
Mississauga, Ont. L3W 1X1, Canada; 
416-625-8112. 


Third International Conference on 
Microstructures in Biological Re- 
search (ED); Sept. 9-12; Fort McGruder 
Inn and Conference Center, Williamsburg, 
Virginia; Martin Peckerar, Naval Research 
Laboratory, 4555 Overlook Avenue, 
Washington, D.C. 20375-5000; 202-767- 
3150. 


11th International Electronic Manu- 
facturing Technology Symposium 
(CHMT); Sept. 16-18; Le Meridien Hotel, 
San Francisco, Calif.; Bill Moody, 2529 
Eaton Road, Wilmington, Del. 19810; 302- 
478-4143. 


Seventh Multidimensional Signal 
Processing Workshop (SP); Sept. 23-25; 
Whiteface Inn, Lake Placid, N.Y.; John 
Woods, Computer and Systems Engineer- 
ing, Rensselaer Polytechnic Institute, Troy, 
N.Y. 12181; 518-276-6079. 


Autotestcon ’91 (AES et al.); Sept. 23- 
(Continued on p. 12]) 
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fields, 


Looking for 3D Plotting Software 
That’s Easy to Use? 


Flooded Contours 


streamlines, 





Version 4.0 


etc.) with 


Properties of 
ewe t te Ce 


Second Edition 

Gallium arsenide is revolutionising 
the semiconductor industry. It is a 
major competitor to silicon in the 
push for faster, higher frequency 
and greater bandwidth circuits: 
GaAs has a much higher electron 
mobility, has greater thermal stabil- 
ity and provides higher resistivity IC 
substrates than silicon. 


a 


Pelle 


Moreover, it is a key material in some areas where silicon is 
of only minor significance; namely, the burgeoning milli- 
metre wave and optical circuits. Gallium arsenide is also 





Now you can create plots on 
general 3D surfaces with ease. 
Assign different plot types to dif- 
ferent surfaces—like contour lines, 
vectors, streamlines, color-flooded 
contours, light-source shading, wire 
frame, colored-contour lines, hid- 
den-line-removed mesh, and com- 
binations of the above. 

TECPLOT is an 
menu-driven 
tegrates 1D plotting (bar charts, 
XY plots, scatter plots, curve fits, 
etc.), 2D plotting (contours, vector 


interactive 


AMTEC ENGINEERING, INC - 


program that in- \ 


P.O. BOX 3633 + 


general 3D surface plotting. It is 
especially suited for visualizing 
computational fluid dynamics 
data (including finite-element grids). 

We think TECPLOT is the best 
general purpose plotting program 
available, but you can find that out 
for yourself—call for a DEMO 
today. Available for PCs and most 
workstations. 


eTECPLOT 


Phone: (206) 827-3304 
Fax: (206) 827-3989 





BELLEVUE, WA 98009-3633 
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widely used in LEDs (light emitting diodes) and solar cells. 


EMIS Datareview Series No. 2 
280 x 210mm, casebound, 700pp 
ISBN: 0 85296 485 4, 1990 


Orders now being accepted 


see 


INSPEC/PPL, IEEE Service Center 
445 Hoes Lane, Piscataway, New Jersey 08855-1331 
Phone: (908) 562-5553 Fax: (908) 981-0027 
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SMARTER By ASSOCIATION. 


Now being a member of IEEE is smarter than ever. | 
Because the benefits you receive from the Budget } 
Associations Program make renting a car easier and 


worry-free. 


As a member in the IEEE Association Program, you'll 
have a wide selection of late model cars available at 
“members only” rates. And these special IEEE prices are 
available whether you’re traveling on business or pleasure. 

Budget is almost everywhere you plan to be, too. With 
over 3,600 locations worldwide and on-airport locations at 
all major U.S. airports. And with your free membership in 
our Rapid Action™ express program, you'll receive hassle- 


free counter-to-car service. 


To get more information or make a reservation, call us at 
800-772-3773. Be sure to mention your CorpRate® 
#8760009545 as well as rate code ZKO5. And get smarter 


by association. 


Budget 


BUDGET GENERATES LOW 
CHARGES FoR THE IEEE. 


$40 Full-Size/2-Door. 
841 Full-Size/4-Door. 
846 Luxury Car. 


All these daily rates include Unlimited Mileage. 
Optional LDW $12.99 or less per day. 


You can receive these special IEEE member rates at participating 
Budget locations when you present the attached ID credentials 
card at time of rental. Refueling services, taxes and optional 
items are additional. Normal rental requirements and restric- 
tions may apply. Surcharges for extra drivers and drivers under 
25 may apply. Cars must be returned to renting location or a 
higher rate may apply. Offer not available in conjunction with 
any other promotion or discount. Rates may be higher in some 
locations. Rates are not available during weekends or holidays 
at John F. Kennedy or La Guardia airports or in Manhattan. 


$35 Economy Car. 
$37 Compact Car. 
$38 Intermediate Car. 









































FREE UPGRADE. 


Mention CorpRate® #8760009545 and rate code ZKO5 at 
time of reservation to receive your free upgrade to one car 
class larger than the economy through full-size 4-door you are 
paying for. Subject to availability of larger car at time of rental. 
Car must be returned to renting location. Normal rental 
requirements apply. Offer not available in conjunction with 
any other discount or promotion. Expires 12/31/91. 


Budget 
The Smart Money is on Bucget: 


TE EE 


CorpRate® Account #8760009545, Rate Code ZKO5 
For information and reservations, cal 


800-772-3773. 


We feature Lincoln-Mercury and other fine cars. 





yi 


Circle No. 27 


Calendar 


(Continued from p. 8) 

Sixth International Symposium on In- 
telligent Control (CS); Aug. 12-16; Key 
Bridge Marriott, Arlington, Va., Alexander 
H. Levis, Dept. of Electrical and Computer 
Engineering, George Mason University, 
Fairfax, Va. 22030; 703-764-6282. 


International Symposium on Elec- 
tromagnetic Compatibility-EMC ’91 
(EMC et al.); Aug. 13-15; Hyatt Cherry Hill, 
Cherry Hill, N.J.; Henry W. Ott, 45 Baker 
Rd., Livingston, N.J. 07039; 201-386-6660. 


Neural Networks for Ocean Engineer- 
ing Workshop (NN/OE); Aug. 15-17; 
Loews L’Enfant Plaza Hotel, Washington, 
D.C.; Patrick K. Simpson, General 
Dynamics-Electronics, 5011 Kearny Villa 
Rd., Building 70, Mail Zone 7202-K, San 
Diego, Calif. 92186-5310; 619-573-2417. 


First International Conference on the 
Applications of Diamond Films and 
Related Materials (ED); Aug. 20-22; Au- 
burn University Hotel and Conference Cen- 
ter, Alabama; Y. Tzeng, Department of Elec- 
trical Engineering, Auburn University, 
Auburn, Ala. 36849; 205-844-1869 or -2427. 








Fourth International Vacuum Micro- 
electronics Conference (ED); Aug. 22- 
24; Nagahama Royal Hotel, Shiga, Japan; 
Junzo Ishikawa, Department of Electronics, 
Kyoto University, Sakyo-ku, Kyoto 606, 
Japan; (81+75) 753 5325 or 5021. 


Workshop on the Future of Electronic 
Power Processing and Conversion (IA); 
Aug. 28-29; Kruger National Park, South 
Africa; William Portnoy, Texas Tech Universi- 
ty, Dept. of Electrical Engineering, Box 4439, 
Lubbock, Texas 79409-3102; 806-742-3533. 


Region 10 Conference on Energy, 
Computer, Communication and Con- 
trol Systems—Tencon ’91 (C, COM, et 
al.); Aug. 28-30; Taj Palace Inter- 
Continental, New Delhi, India; K.R.S. Mur- 
thy, AT&T Bell Laboratories, Crawfords Cor- 
ner Road, Room 2N-437, Holmdel, N.J. 
07733; 908-949-4850; or H.L. Bajaj, B-101, 
Hillview Apartments, Vasant Vihar, New 
Delhi 110 057, India; (91+11) 360 412. 


BYP 


Bipolar Circuits and Technology Meet- 
ing (ED); Sept. 9-10; Minneapolis Marri- 
ott Hotel, Minnesota; John Shier, 2800 E. 
Old Shakopee Rd., Bloomington, Minn. 
55425; 612-853-3292. 








Petroleum and Chemical Industry 
Technical Conference (IA); Sept. 9-11; 
Royal York, Toronto; Barry Wiseman, Reli- 
ance Electric Co., 5220 Creekbank Rd., 
Mississauga, Ont. L3W 1X1, Canada; 
416-625-8112. 


Third International Conference on 
Microstructures in Biological Re- 
search (ED); Sept. 9-12; Fort McGruder 
Inn and Conference Center, Williamsburg, 
Virginia; Martin Peckerar, Naval Research 
Laboratory, 4555 Overlook Avenue, 
Washington, D.C. 20375-5000; 202-767- 
3150. 


11th International Electronic Manu- 
facturing Technology Symposium 
(CHMT); Sept. 16-18; Le Meridien Hotel, 
San Francisco, Calif.; Bill Moody, 2529 
Eaton Road, Wilmington, Del. 19810; 302- 
478-4143. 


Seventh Multidimensional Signal 
Processing Workshop (SP); Sept. 23-25; 
Whiteface Inn, Lake Placid, N.Y.; John 
Woods, Computer and Systems Engineer- 
ing, Rensselaer Polytechnic Institute, Troy, 
N.Y. 12181; 518-276-6079. 


Autotestcon ’91 (AES et al.); Sept. 23- 
(Continued on p. 12]) 
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workstations. 


ECPLOT 


Phone: (206) 827-3304 
Fax: 


BELLEVUE, WA 98009-3633 














(206) 827-3989 
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INSPEC/PPL, IEEE Service Center 


445 Hoes Lane, Piscataway, New Jersey 08855-1331 
Phone: (908) 562-5553 Fax: (908) 981-0027 
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SMARTER By ASSOCIATION. 


Now being a member of IEEE is smarter than ever. 
Because the benefits you receive from the Budget ' 
Associations Program make renting a car easier and 
worry-free. 

As a member in the IEEE Association Program, you'll 
have a wide selection of late model cars available at 
“members only” rates. And these special IEEE prices are 
available whether you’re traveling on business or pleasure. 

Budget is almost everywhere you plan to be, too. With 
over 3,600 locations worldwide and on-airport locations at 
all major U.S. airports. And with your free membership in 
our Rapid Action™ express program, you'll receive hassle- 
free counter-to-car service. 

To get more information or make a reservation, call us at 
800-772-3773. Be sure to mention your CorpRate® 
#8760009545 as well as rate code ZKO5. And get smarter 


by association. 


Budget 


car and truck rental 
The Smart Money is on Bucget: 


We feature Lincoln-Mercury and other fine cars. 
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Sometimes it’s harder to stay out front than it is 

to get there. That's why you need a CAE environment 
designed to keep the competition where it belongs. 
Behind you. 

Presenting Ctrl-C and Model C. Ctrl-C is the 
interactive command-driven language for classical 
and modern control design and analysis, signal 
processing, system identification and optimization, 
and engineering graphics. Model-C is the block 


station environments. It simplifies all phases of 
systems engineering, on projects ranging from 


It's not easy heing ton log, 


diagram modeling and simulation program for work- 





































chemical process modeling to underwater propulsion. 
Features include hierarchical model construction 

for mixed continuous and discrete systems, lineariza- 
tion, and automatic code generation. 

Ctrl-C and Model C from Systems Control 
Technology, Inc. When you want your project to fly, 
there’s no better way to get it off the ground. 

For more information contact the CAE Systems 
Sales Department at 800-227-1910, telex 176451 SYSTEC 
PLA, fax 415-496-6595, or write to 2300 
Geng Road, Palo Alto, California 94303. 

CAE Systems is a division of SCT, Inc. 














Ctrl-C available for 386 PCs, Sun, Apollo and DEC workstations, DEC mainframes and Convex. Mac versions available soon. Model-C available for VAX and Sun 3 workstations. SPARCstation, DECstation and Mac version coming soon. CtrlC® and Model-C™are trademarks of Systems Control Technology. 
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_ DATEL Redefines 
The Digital Panel Meter 


DPM The Component 


DATEL's new DMS-30PC Series is a milestone in 
Digital Panel Meter technology. The only fully 
functional, factory calibrated, 3 1/2 digit, Hybrid 
Voltmeter available anywhere. For extreme 
accuracy, critical reliability, and ultra-low price 
in a sub-miniature, modular package, 

the DMS-30 is your only choice. 






RETAINING 
CLIP 


MODULAR DESIGN 
e Fully encapsulated 
e Simple plug-in design 
e Integrated Filter/Bezel 


WORLD'S SMALLEST 

e Low profile design 

e Full size display 0.56" 

e 0.94"h x 2.18"w x 0.57"d 


HIGHEST QUALITY as 
5 A STOCK DELIVERY 
Fj e 0.05% accuracy 
e One year warranty 





e Made in USA : 
CHOICE OF COLORS EVALUATION BOARD wy $ 
a0) e 4-20mA current loop 
e Green with gain/offset adjust i 
e Yellow Qty. 100s 

e Battery powered (9V, 12V) 
e Amber e Max. 250VDC input 
2 aa CHOICE OF INPUT RANGES 

e +200mV/+2VDC/+20VDC RENNES 2.0 

Moya 1013 it 
Mae acne Tt e As ay as $29 ea. (qty. 100s) a ue j 
e As low as 15mA/5VDC powered * Quantity discounts é a a er 

e j. H 

ADVANCED TECHNOLOGY al 
e Laser trimmed 
e Built on ceramic as ay ome 
e Hybrid design ose ie s For details call or write DATEL, Inc. 
lore 
ie ante hieia o : 7 eo a me : oe 
e Shock/vibration proof i i , 


. Sei Iey 


ACTUAL SIZE 
INNOVATION AND EXCELLENCE IN PRECISION DATA Reetisisey 
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26; Disneyland Hotel, Anaheim, Calif.; Bob 
Rassa, Mantech International, 150 S. Los 
Robles Ave., Suite 350, Pasadena, Calif. 
91101; 818-577-7100; fax, 908-222-5816. 





18th International Conference on 
Computers in Cardiology (COMP et al.); 
Sept. 23-26; Venice, Italy; Corso Stati Uniti 





4, 35020 Padova, Italy; (9+49) 829 5702. 


International Symposium on Gallium 
Arsenide and Related Compounds 
(ED); Sept. 23-26; Sheraton Hotel and Tow- 
ers, Seattle, Wash.; L. Ralph Dawson, San- 
dia National Laboratories, Division 1144, Al- 
buquerque, N.M. 87185; 505-844-5678. 


Fourth Annual International Applica- 
tion Specific Integrated Circuits Con- 
ference and Exhibit (IEEE Rochester et 

















remember when you had the power to 
create immediate aerospace simulations, 
vary conditions and specify outputs 
during interactive execution? 


MGA’s Advanced Continuous Simulation Language (ACSL) is the software 
that gives you the power to simulate complex, non-linear systems, faster, 


with better results. 


ACSL lets you be more productive, because it provides you with the facilities and 
functions that you'd otherwise have to write for yourself. Plus it lets you vary all 
conditions and specify outputs throughout the process. 


Find out more about ACSL by calling 1-508-369-5115 or FAXing 1-508-369-0013. 
You'll discover that immediate aerospace simulations 


@ 


aren't just a child's dream anymore. 


Mitchell ana Gauthier 


The only real choice for simulations. 
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al.); Sept. 23-27; Rochester Riverside Con- 
vention Center, Rochester, N.Y.; Kenneth W. 
Hsu, Department of Computer Engineering, 
Rochester Institute of Technology, Roches- 
ter, N.Y. 14623; 716-475-2655. 


Industry Applications Society Confer- 
ence (IA); Sept. 28-Oct. 4; Hyatt Regen- 
cy, Dearborn, Mich.; William Moylan, Moy- 
lan Engineering Associates, 13530 Michigan 
Ave., Dearborn, Mich. 48126; 313-582- 
9880. 


AT 


ICCD ’91: VLSI in Computers and 
Processors (ED); Oct. 5-9; Royal Sones- 
ta Hotel, Cambridge, Mass.; Dwight Hill, 
AT&T Bell Laboratory, 3D-446, 600 Moun- 
tain Ave., Murray Hill, N.J. 07974; 
201-582-7766. 


International Joint Power Generation 
Conference-IJPGC ’91 (PE); Oct. 6-9; 
Town and Country Hotel, San Diego, Calif.; 
M. Scalice, American Society of Mechani- 
cal Engineers, 345 E. 47th St., New York, 
N.Y. 10017; 212-705-7053. 


37th Holm Conference on Electrical 
Contacts (CHMT); Oct. 6-9; Marriott 
Downtown, Chicago; Conference Registrar, 
IEEE Inc., 445 Hoes Lane, Box 1331, Pis- 
cataway, N.J. 08855-1331; 908-562-3863. 


22nd Photovoltaic Specialists Confer- 
ence (ED); Oct. 7-11; Riviera Hotel, Las 
Vegas, Nev.; Howard E. Pollard, Ford Aero- 
space, 3939 Fabian Way, M.S. G45, Palo 
Alto, Calif. 94303-4695; 415-852-5131. 


Fourth International Conference on 
Amorphous and Crystalline Silicon 
Carbide and Other III-IV Materials 
(ED); Oct. 10-11; Santa Clara University, 
California; Cary Yang, EECS, Santa Clara 
University, Santa Clara, Calif. 95053; 
408-554-6814. 


International Display Research Con- 
ference (ED); Oct. 15-17; Hyatt Islandia 
Hotel, San Diego, Calif.; Andras Lakatos, 
Xerox Corp., 800 Phillips Rd., Webster, N-Y. 
14580; 716-422-9700. 


GaAs Reliability Workshop (ED); Oct. 
20; Doubletree Hotel, Monterey, Calif.; An- 
thony Immorlica, General Electric Co., 
Electronics Park, Building 3, Room 155, 
Syracuse, N.Y. 13221; 315-456-3514. 


GaAs Integrated Circuits Symposium 
(ED); Oct. 20-23; Monterey Sheraton, 
Monterey, Calif.; S. Kuntz, Courtesy As- 
sociates, 655 15th St., N.W., Suite 300, 
Washington, D.C. 20005; 202-347-5900. 
(Continued on p. 44D) 
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Only Ariel Delivers 


100 MFLOPS DSP96002 
Signal Crunching Across The Board 
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ISA, EISA, or VMEbus, Ariel 
processor boards unleash all 
the power of Motorola’s 
DSP96002. Both the MM-96 
for ISA/EISA and V-96 for 
VMEbus combine lightning- 
quick speed with large 
memory arrays, versatile I/O 
with 120 Mbyte/sec. total 
bandwidth, and the ability to 
deliver almost unlimited 
signal-crunching power via 
Ariel’s two exclusive 
HyperBus™ high-speed 
expansion buses. And Ariel’s 
steadfast commitment to 
service and support ensures 
that once you’ ve become an 
Ariel customer, you'll never 
work alone. 

To find out more about the 
MM-96 and V-96, or any of 
Ariel’s broad range of DSP 
products for Motorola, Texas 
Instruments, and AT&T DSP 
chips, you can send us a fax, 
leave us a message on the 
BBS or E-mail, or just give 
us a call. 





Ariel offers a full line of DSP 
products for popular platforms 


Aviel_ 
The DSP Authority 


433 River Road 

Highland Park, NJ 08904 
(908) 249-2900 

FAX: (908) 249-2123 
DSP BBS: (908) 249-2124 
Email: ariel @ ariel.com 


Distributed in: England, SSE Marketing Ltd., tel: 
071 387 1262, fax: 071 388 0339; France, REA 
Informatique, tel: 1 49 65 25 50, fax: 1 49 65 25 
69; Israel, Militram Futuristic Technology Ltd., 
tel: 52-545685, fax: 52-574383; Italy, 
International Trading Device SRL, tel: 02-749 
0749, fax: 02-761 0407; Japan, Marubun Corp., 
tel: 033-639 9816, fax: 033-661 7433. 

















~ GLOBAL VISION: FOR INTERNATIONAL 





oday’s multi-national corpora- 
tions require an efficient network 
for international information ex- 
change. NEC responds with Global VISION 
(Versatile Solution-Oriented Network), 
a sophisticated private network that can 
be tailored to specific corporate needs. 
NEC provides total support for net- 
work construction. Our services range 
from problem analysis to system design, 
installation and maintenance. 


é oa Computers and Communications 





CORPORATE INFORMATION NETWORKS. 


We even offer system operation and 
management. 

Global VISION is a high-quality, multi- 
media network that integrates tele- 
phone/facsimile, data and images. For 
international networking, it leases cost- 
effective, high-speed digital circuits on 
satellites or submarine cables. Global 
VISION connects to domestic private 
networks and, where regulations permit, 
to public switched-telephone networks. 


IV RSMmaeeLSTILITI SMUT RSNA CH 
NMS: Network Management System 


Global VISION opens the full range 
of advanced services. Facsimile and 
voice mail eliminate time zone prob- 
lems. Distances disappear with inter- 
national teleconferencing, remote CAD 
and high-speed file transfer. 

High-quality NEC products form the 
heart of Global VISION systems. These 
include our advanced multi-media 
multiplexers, PBXs, packet switches 
and facsimile mail systems. 

NEC invites consultation from cor- 
porations interested in Global VISION 
to reduce communications costs and 
improve productivity. 
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LATEST SHOWCASE 





SDH/SONET 


OF SKYSCRAPER 





DIGITAL NETWORKS. 


INTELLIGENCE. 





Th he goal of worldwide telecom- 
munications is free exchange of 
information throughout the 
global community. But North America, 
Europe and Japan all have different 
digital communication standards, and 
the digital networks of the nations 
involved cannot freely interconnect. 

The network node interface (NNI) 
operating in the synchronous digital 
hierarchy (SDH) offers a clear solution. 
SDH is recommended by CCITT/CCIR 
and sets an international standard for 
high-speed digital transmission. SDH is 
the key to flexible broadband net- 
works that feature efficient operation, 
administration and maintenance. 

NEC is prepared to enter the SDH 
arena with new fiber optic transmis- 
sion systems (FOTS) and digital radio 
products. The primary multiplexer 
combines tributary signals of 1.5, 2, 
or 6.3Mbps to 51.84 or 155.52Mbps. 
The high-order multiplexer bundles 


these composite signals up to 2.4Gbps. 


Cross-connector functions are also 
offered. SDH digital radios include 
4/6GHz—150Mbps systems for long- 
haul use and an 18GHZ—150Mbps 
system for short-haul use. 

FOTS and digital radios with NNI are 


already in commercial service in Japan. 


FOTS based on SONET (the U.S. version 
of NNI) have been on field trial in the 
U.S. since 1990. SONET digital radios 
will go on trial this year in Australia 
and the US. 


he NEC Super Tower, our new 
180m, 43-story skyscraper in 
Tokyo, is a living model for next- 

generation smart buildings. The tower 
provides a comfortable environment 
for 6,000 headquarters 
personnel and supports 
them with integrated 
communications, 
information processing 
and television systems. 

The Super Aladdin 
system supports 20- 
plus services including 
electronic processing 
of business forms, elec- 
tronic mail and filing, 
electronic secretary, 
and a company-wide 
electronic cabinet. 
Super Aladdin links seven distributed 
power servers with workstations or 
2,000 PCs in a LAN. 

Telephone Aladdin, designed for 





our Open Application Interface, is a 
completely new OA system that 
integrates a digital PBX and a computer. 
Utilizing a telephone terminal with 
liquid crystal display, users can take 
advantage of message/ paging services 
and an on-line telephone directory for 
over 35,000 extensions. 

TV Aladdin can broadcast strategic 
business information to 105 offices 
across the country. It also provides 
teleconferencing with 
three NEC subsidiaries 
in the US. 

A super-large build- 
ing automation system 
offers integrated con- 
trol for all facilities and 
manages even such 
aspects as crime pre- 
vention and disaster 
preparedness. The so- 
phisticated office and 
building automation 
systems in the tower 
are supported by 
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a 622. osMbps trunk fiber optic LAN, 


and a unique integrated voice and 
data LAN on each floor of the tower. 
Super Aladdin: Available only in Japan. 





NEW LD MODULE FOR CATV DISTRIBUTION. 





EC’s answer to the growing 
N need for fiber optics in the 

CATV industry is a 1.3m distri- 
buted-feedback, laser-diode module. 
The OD-8339 improves picture clarity 
by reducing noise and distortions in 
analog CATV distribution. 

Higher performance comes from 

two internal isolators working in 
tandem. They deliver 50GB isolation— 


tops in the industry.In 40-channel AM/ 
FDM CATV transmission with 4mW 
output power, our LD module offers: 
CcSOS—60dB, CTBS—65aB, and 
RINS—150dB/Hz. 

The OD-8339 comes with a single- 
mode fiber and a fine FC-PC or D4-PC 
connector. It provides stable operation 
over ambient temperatures from 


OFC 1G DAC. 





Analog Circuit Simulation 


From Schematic Entry to SPICE Simulation and Waveform 
Graphics, Intusoft has it all in one easy to use, integrated 
environment! Complete Systems are available starting at $815. 


ComPREHENSIVE Spice SIMULATION 
(IsSpice $95) Performs AC, DC, Transient, Noise, Fourier, 
Distortion, Sensitivity, and Temperature analyses. For large 
simulations, (>3000 components) special extended memory 
versions for 286 (IsSpice/286 $210) and 386/486 (IsSpice/386 
$386) machines are available. 


Mopéets ano Apvancep ANALYSES 
(PreSpice $200) Extensive Model libraries, Monte Carlo 
analysis, Circuit Optimization, and Parameter Sweeping. 
(SpiceMoo $200) SPICE model generation from data sheets. 
Models diodes, transistors, jfets, mosfets, and power devices. 


Powerrut GrapPHics 
(SpiceNet $295) Schematic entry for ANY SPICE simulator. 
Makes a complete SPICE netlist. (IntuScope $325) Graphical 
waveform post processing and report quality printouts. 








Special Educational Discounts, Student Versions, 
and Network Packages are available. 
Call Or Write For Your Free Demo and Information Kit! 


30 Day Money Back mae P.O. Box 710 San Pedro, 
Guarantee CA 90733-0710 


Tel. (213) 833-0710 Fax (213) 833-9658 
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For your 
Optics Library. 








This new Rolyn Catalog provides you 
with product information covering 
your needs for off-the-shelf optics. 
Write or call today for your free copy. 


ROLY N 
OPTICS 


706 Arrow Grand Circle ¢ Covina, CA 91722-2199 
(818) 915-5707 © (818) 915-5717 
Telex: 67-0380 » FAX: (818) 915-1379 
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Beaming watts 
from space to earth 


The ‘‘Whatever happened to?’’ [March, 
p. 18] made me wonder what happened to 
the idea of converting solar generated power 
in space to RF and beaming it to earth, 
where it would be further converted to DC 
or frequencies useful in terrestrial applica- 
tions. I remember thinking that the con- 
venience and cost advantages of having solar 
power sources on earth was likely to make 
the terrestrial alternative economically more 
attractive than space siting for a long time. 
I also remember the environmental con- 
cerns about putting nuclear reactors in 
space. 

The juxtaposition of these two approaches 
makes me wonder about two things. The 
first is whether terrestrially generated RF, 
beamed to space, rather than the other way 
around, might be a good way to provide 
power in some applications. The second is 
whether moderate average power require- 
ments of space missions in general, com- 
pared to those of terrestrial power plants, 
might make the original space RF power 
source concept worth reconsidering for 
some applications. 

Jerome Rothstein 
Columbus, Ohio 


Interested readers may want to review ‘‘What- 
ever happened to solar-power satellites?’ [July 
1983, p. 22]. —Ed. 


No shortage of engineers 


I have been receiving letters from ‘‘over- 
qualified’ engineers (read ‘‘overqualified’’ 
as over 40 years old) who have been unable 
to obtain gainful employment. 

Many of the EE graduates may be or may 
have been IEEE members who were dis- 
missed with little notice, sometimes after 
many years with a company. Among others, 
a manager of engineering at one company 
was replaced by two technicians, who were 
to attempt to do the same work. Others, 
after many years of service, have been dis- 
charged with two weeks’ vacation. 

There is no shortage of engineers, only of 
young, cheap engineers. We cannot afford 
to continue to treat engineers as a commodi- 
ty to be hired and fired at leisure if we want 
to keep engineering work here. 

The IEEE can help by recommending, 
among other things, the abolition of the in- 
dustrial exemptions for use of PEs in high 
posts in engineering departments. An auto 
salesman today can be vice president of en- 





gineering, and will express the view I heard 
from an MBA at a recent symposium, 
“Don’t let your engineers get close to your 
customers.”’ 

The MBAs and the bean counters are de- 
stroying engineering as a profession indus- 
trially. (Do not forget that an engineer can 
get an MBA degree with no trouble, but an 
MBA cannot qualify as an engineer without 
essentially a whole new degree program.) 

I repeat, there is no engineering shortage. 
There is only a contrived shortage of low- 
paid junior engineers. Companies should be 
forced to give preference to older engineers, 
many of whom would take a job at a reduced 
salary in order to get gainful employment. 
If the IEEE cannot help engineers willing to 
work achieve professional status, the IEEE 
will have even worse financial problems than 
it does now. Can’t the Institute see the hand- 
writing on the wall? 

Keats A. Pullen Jr. 
Kingsville, Md. 





Corrections 


On p. 73 of the April issue, it was stated 
incorrectly that Masking-Pattern Adapted 
Universal Subband Integrated Coding and 
Multiplexing (Musicam) was the industry 
standard for broadcast digital audio. In truth 
it is one of two techniques being studied by 
the International Standards Organization 
(ISO). The other is Aspec, a multinational 
algorithm reflecting the work of AT&T Bell 
Laboratories, the Fraunhofer Institute in 
Germany, Deutsche Thomson Brandt of 
Germany, and CNET of France. The current 
stand of ISO, according to N. S. Jayant of 
AT&T Bell Laboratories, Murray Hill, N.J., 
is to merge features of Musicam and Aspec 
in a multilayer standard in which the more 
complex, higher layers permit lower audio- 
bit rates for a given level of audio quality. 
On p. 38 of the May issue, in the middle 
of the second full paragraph from the bot- 
tom of the first column, the conversion from 
0.75 inch should have been 19 millimeters. 
In the last line on p. 29 of the February 
issue, ‘‘about 40 by 15 inches’ should have 
been converted to ‘‘about 100 by 400 cen- 

timeters.”’ 
—Ed. 





Readers are invited to comment in this department 
on material previously published in /EEE Spectrum; 
on the policies and operations of the IEEE; and 
on technical, economic, or social matters of inter- 
est to the electrical and electronics engineering 
profession. Short, concise letters are preferred. The 
Editor reserves the right to limit debate on con- 
troversial issues. Contact Forum, /EEE Spectrum, 
345 East 47th Street, New York, NY. 10017 U.S.A. 
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There’s a new standard 
for functionality, ease-of-use and price. 


We set some tough goals for ourselves in 
designing the T1-68. It had to have the 
powerful functions that technical profes- 
sionals need. It had to be easy to use. And it 
had to provide all of this at a substantially 
lower price than the competition. 

We met all of our goals and then some. 
The T1-68 has 254 useful functions. It solves 
up to five simultaneous equations with real 
or complex coefficients. A prompting system 
guides you through all entries and results. 
You can handle the complex numbers exactly 
the way you want, without entering a special 
mode. The TL68 evaluates 40 complex number 
functions and lets you choose polar or 


©1989 TI 
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The T1-68. 


rectangular forms for entries and results. 

It also lets you easily check your equations 
with a 12-character alphanumeric display 
that can scroll through up to 80 characters 
for long equations. And, the last equation 
replay feature lets you edit or check the last 
computation without having to go back and 
reenter it. 

In addition, when you need to solve 
quadratic, cubic or quartic equations, the 
TI-68’s polynomial root finder will calculate 
the real and complex roots — automatically. 

Working with number bases and conver- 
sions are also no problem. Perform arithmetic 
functions in decimal, hexadecimal, octal or 
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binary. And it does Boolean logic operations, too. 
The T1-68 provides up to 440 program 
steps for as many as 12 user-generated formulas. 
It even stores up to 36 values in memories with 
user-defined alphanumeric names. 
The T1-68 has what you’ve been looking 
for — the right functionality at the right 
price. See and try it at a nearby retailer, or 
call 1-806-747-1882 for additional informa- 


tion and to request free product literature. 


TEXAS 4% 
INSTRUMENTS 





DSP FOR THE 90’S 


SunFilter ™ 


FILTER DESIGN SOFTWARE 
for the Sun 4 
available now! 


Also FDAS™ and MacFilter™ 
for IBM and Macintosh™ 
e |IR & FIR DESIGNS 
¢ PARKS McCLELLAN 
¢ TRANSFER FUNCTION ANALYSIS 
¢ COEFFICIENT QUANTIZATION 
e INTUITIVELY EASY TO USE 


CODE GENERATORS 
° AT&T, ANALOG DEVICES 
* MOTOROLA, TEXAS INSTRUMENTS 
HARDWARE 
DEVELOPMENT TOOLS 
DEMOS AVAILABLE 


MOMENTUM DATA SYSTEMS 
1520 NUTMEG PLACE #108 
COSTA MESA, CA 92626 
TEL: (714) 557-6884 
FAX: (714) 557-6969 


MACINTOSH IS A REGISTERED TRADEMARK OF APPLE 
COMPUTER, INC. 
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PcKALMAN Jr. is a Kalman Filter (KF) 
simulator of the linear discrete system 
Xk+1 = Dx Xx + Wk, Zk= Hk Xk + Vi, provid- 
ing error analysis & estimates. Requires 
minimal user input (Ox, Hx, Qx, Rx). 

PcKALMAN Sr. can handle perfect 
measurements, dynamic driving & mea- 
surement noise correlation, smoothing 
and square rootfiltering. Documentation 
provided. Technical applications oriented 
workshop available. 


PcKALMAN Jr/IBM $49 
OTHER SYSTEMS CALL 


ADDITIONAL KF SIMULATORS 


@ PcKALMAN Sr. 
@ ITERATED EXTENDED KF 
@ CUSTOM KF 

@ 3D:-EKF/SINGER TRACKER 


1-800-LIKE 2 KF 
P.O. Box 130058, Ann Arbor, MI48113 
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Graphics 


Finally:abenchmark 
forgraphics 


One of the most notable recent trends in 
computer science has been the adoption of 
benchmarks that are at once more stan- 
dardized and more representative of the 
kinds of applications computers are actual- 
ly used for. Now, several years after the 
proliferation of graphics-oriented worksta- 
tions, that trend has apparently caught up 
with high-performance graphics. 

Common measures of graphics perfor- 
mance include the number of vectors (line 
segments), shaded triangles, or polygons 
that can be drawn each second. But anyone 
who has ever tried to compare high- 
performance graphics systems from differ- 
ent manufacturers has probably been left 
with far more questions than conclusions. 
How long are the vectors? How big are the 
polygons? How shaded are they? How po- 
lygonal are they, for that matter? 

Can I compare manufacturer A’s polygons 
per second to manufacturer B’s shaded tri- 
angles per second? Finally, does any of this 
actually have anything to do with my appli- 
cation? The answer to these latter questions 
is ‘‘probably not.’’ 

“‘The way to overcome this problem is to 
describe pictures,’’ which is, after all, what 
graphics systems are designed to do, noted 
Carl Machover, president of Machover As- 
sociates Corp., a computer graphics consult- 
ing firm in White Plains, N.Y. 

To develop a picture-level benchmark 
(PLB) with which to measure the perfor- 
mance of graphics systems, the Graphics 
Performance Characterization (GPC) com- 
mittee was founded in 1986. The commit- 
tee now includes representatives of such 
companies as Hewlett-Packard/Apollo, Dig- 
ital Equipment, IBM, Evans & Sutherland, 
and Sun Microsystems. 

Last April in Chicago, at the annual meet- 
ing of the National Computer Graphics As- 
sociation, those five member companies 
released the preliminary results of bench- 
mark trials run on their workstations (the 
Fairfax, Va.-based association has ad- 
ministered the committee since 1988). 
Results are reported in ‘‘GPCmarks,”’ a 
normalized figure proportional to the 
reciprocal of the time required to run the 
benchmark—thus, a higher number means 
better performance. 

The trials were conducted in five graph- 
ics categories: a two-dimensional printed- 
circuit board program typical of electrical 
computer-aided design applications [see 
photo]; a three-dimensional wireframe 
model of a computer chassis, which is ro- 





tated, panned, and zoomed; and three solid 
3-D models, depicting an automobile en- 
gine’s cylinder head, a human head, and the 
space shuttle. The last three display motion 
on various axes and illumination by more 
than one light source. Users evaluating work- 
stations can make comparisons based on the 
category most like their own applications. 
“‘There is no one good number for meas- 
uring graphics performance on a worksta- 
tion,’’ said David A. Cooper, technical direc- 
tor of the committee and a project manager 
at Hewlett-Packard Co. in Fort Collins, Colo. 
“‘Performance oni different types of applica- 
tions is so varied, and you can’t just pick one 
number or average them together.’’ With- 
ina few months, he added, users will be able 
to convert their own applications into stan- 
dardized formats, in effect making bench- 
marks out of them. 
In the preliminary tests, the top speeds 
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The picture-level benchmark evaluates 
graphics workstations by timing how long they 
take to run five graphics programs. One pro- 
gram displays a PC board (above). 


in the cylinder and human head simulations 
were logged by Hewlett-Packard Co.’s 730 
TurboVRX (T4), while Evans & Sutherland 
Computer Corp.’s ESV 50/32 HC & LC Op- 
tion workstation registered the best speeds 
in the other three categories. With six-figure 
price tags, the two machines were the most 
costly of the 25 tested. On the other end of 
the price scale, though, Sun Microsystems 
Inc.’s US $15 500 Sparcstation IPC GX 
matched or outdid more costly workstations 
on the computer chassis simulation. 

The PLB software, which was developed 
by Simgraphics Engineering Corp., South 
Pasadena, Calif., under the supervision of 
the Graphics Performance Characterization 
Committee, is available through the National 
Computer Graphics Association for $300. 
Annual subscriptions to the GPC commit- 
tee’s quarterly report, which contains tables 
of PLB results for the machines of various 
vendors, are available for $195 in North 
America and $225 elsewhere. 








COORDINATOR: Glenn Zorpette 
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To go anywhere in engineering, cal and business information to papers from sessions worldwide. | 
you have to know what’s goingon your own PC. All without leaving your desk. 
around you. But it’s difficult find- So you can get vital inside And you won't have to spend 
ing the time and resources to go information without hours sifting through | 
out and gather the informationso — ever goingoutside. mmm |, material that doesn’t | 
crucial to your success. With access to | relate to your work. | 
That’s why so many topengi- — more than 12,000 rel- | DIALOG helps you gain | 
neers are finding all the informa- evant technical jour- specific, pertinent in- 
tion they need without —_ nals, you can formation instantly. So 
» leaving easily monitor instead of working to 
their recent develop- get information, you can 
offices. ments and new concentrate on making 
Because all they need is trends in electronics, information work for you. | 
DIALOG. energy and materials technolo- You may even be able to start | 
Asthe world’s largest online gies. You can even scan the latest today. Check with your company’s 
knowledgebank, DIALOG delivers conference librarian or information center to 
the leading sources see if they're using DIALOG. Or 
of technologi- call the nearest DIALOG regional 


office. Europe: (44-865)730725, 
fax (44-865)736354; Asia: 
(813)230-1900, fax (813)230-4828; 
North America: inside U.S. 
1(800)334-2564, fax (415)858- 
7069; Outside U.S. (415)858-3785, 
fax (415)858-7069. 





Because when you have all 
the facts, there’s no telling how 
far you'll go. 


DIALOG INFORMATION SERVICES, INC. 
AKnight-Ridder Company ia 


Bringing you the world’s knowledge. 


© 1990 Dialog Information Services, Inc. 3460 Hillview Avenue, Palo Alto, CA 94304. All rights reserved. DiaLoG is a servicemark of Dialog Information Services, Inc., Registered U.S. Patent and Trademark office. 


Circle No. 11 19 





“THIS STUNNING PACKAGE EXCELS AT 


SCIENTIFIC AND TECHNICAL GRAPHICS.” 
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SigmaPlot® 

The world's finest PC software for the/production 
of publication-quality scientific charts and 
graphs...on your own IBM® or compatible 
personal computer. 


Used by over25,000 scientists 
SigmaPlot is the software of choice worldwide for 
creating graphics for scientific papers and poster 
sessions, PC Magazine says, “Jandel Scientific has 
hit the bullseye with SigmaPlot.” And INFO- 
WORLD recently called SigmaPlot “the best 
graphics package for the complex technical 
graphs wanted by most scientists and engineers.” 








ave hours over your current curve fitting 

methods with the new TableCurve v3.0! 

TableCurve will fit and rank 3320 linear 

and non-linear equations to your dataset 
in one highly automated processing step! Step 
through ranked equations, view residuals, statis- 
tics and graphs — and output data and graphs eas- 
ily in a variety of formats! Features include: 


a 3,320 Linear and Non-linear equations 
Includes polynomial, 
rational, peak (Gaus- 
sian, Lorentzian, etc), 
transition, waveform 
and many others. 
Select only the equa- 
tion groupings of 
interest or let Table 
Curve fit all equations 
to your data! 

a User defined 
equations Define your 
own equations — 
TableCurve fits and ranks them along with the 
extensive list of built-in equations. 

a Extensive fitting and ranking choices Choose 
curve fitting algorithm (Singular Value Decomp., 
Gauss-Jordan, LU Decomposition), best fit rank- 
ing criteria (DOF adj. r°, Fit Std Error, F-statistic 
and Std r’), smoothing functions (polynomial 
interpolation, FFT and Lowess) and more! 

a High speed processing Automatically fit and 
rank all 3,304 linear equations to a 50 point 
dataset in 46 seconds (using 80386SX, 16MHz 
with math coprocessor). Iteratively fit non-linear 
equations are also processed in amazing speed! 

a Unique graphical review process Graphically 
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Total Equations=2764 Last Reviewed: Rank=1 Equationii=1344 








-INFOWORLD 
January 8, 1990 
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Designed by scientists for scientists 

¢ Easy-to-use pull-down menu interface 

e Direct data input from Lotus 123° and ASCII files 

¢ Automatic error-bars, confidence intervals and 
quality-control lines 

¢ Wide range of specialized scales and graphs 

¢ Outstanding page layout control 

¢ Sophisticated non:linear curve fitting 

¢ Full mathematical transform language 

¢ Huge data worksheet 

e Export graphs into WordPerfect® 5.0, 
Microsoft Word®, Pagemaker®, Ventura 
Publisher® and others 

¢ Extremely high-quality output 
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Affordable and fully supported 
SigmaPlot 4.1 is well within reach of any research 
facility. And, like all Jandel products, SigmaPlot 
comes with a money-back guarantee and the full 
technical support of Jandel’s experts. 

Call today for a FREE brochure: 1-800-874-1888 
(toll-free within the U.S.) or 415-924-8640. 


65 Koch Road P.0. Box 996 


SCIEN T1I\F1C| Corte Madera, CA 94925 


“Microcomputer Tools for the Scientist” FAX: 415-924-2850 * TELEX: 4931977 


In Europe: Schimmelbuschstrae 25 ¢ 4006 Erkrath * Germany 
Phone: 0 2104/3 60 98 # FAX: 0 2104/ 33110 
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view the fit of each equation to your data by 
pressing a key. Also obtain a full numerical 
review of confidence/ prediction limits, residuals 
and other statistics. 

a Flexible data input/output Import a huge 
dataset from ASCII, Quattro Pro? Lotus® dBase." 
and other formats. Customize selected graphs 
and output to a variety of devices including 
LaserJet, Postscript™ printers, or export directly 


65 KOCH ROAD, CORTE US er yer Ma ee Oe ssid 
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Non-linear Equations to 
| Your Data 


—Automatically! 


to SigmaPlot® Lotus and more! 

a Export programming code for any selected 
equation Automatic code generation for pro- 
gramming in C, Pascal, FORTRAN, and several 
BASIC languages. 

a Outstanding ease of use With a superb user 
interface, full mouse support and extensive on- 
line help, TableCurve brings powerful linear and 
non-linear curve fitting to your PC in an easy-to- 
use, intuitive format. 


TableCurve is reasonably priced, backed by a full 
money-back guarantee and one of the strongest 
technical support staffs in the industry. Call 
Jandel today for more information on TableCurve 
and other scientific software: 1-800-874-1888 
(inside U.S.) or 1-415-924-8640. 


Our European office is: 
Schimmelbuschstra8e 25 
D-4006 Erkrath 2 ¢ FRG 


Sve oil elec 02104/36098 
“Microcomputer Tools for the Scientist”  02104/36099 

















Spectral lines 





nflationary costs are pushing 

most colleges and universities 

in the United States to an eco- 

nomic wall. The cost of room, 

board, and tuition at many pri- 
vate institutions exceeds US $20 000 annu- 
ally. In some of those institutions, as many 
as 70 percent of the students require some 
form of economic aid. 

Some colleges have adopted a needs-blind 
admissions policy, in which students are ac- 
cepted on the basis of scholarship and other 
accomplishments without reference to finan- 
cial need. The schools then help arrange a 
support package that may include scholar- 
ships, loans, and grants. 

Even so, educational costs are rising so 
rapidly that the financial aids available can- 
not keep pace. Educators are projecting that 
in the foreseeable future nearly all 
students will require financial aid, 
and that a greater percentage of it 
will have to come from partially for- 
given tuition (that is, direct grants 
from the universities themselves). 

The complex task of allocating 
limited financial aid equitably to ad- 
mitted students is an onerous one. 
It is carried out against the back- 
ground of the annual ritual of mat- 
ing applicants to schools, in which 
both sides ‘‘overbook.’’ The admis- 
sions process can be costly, time- 
consuming, and wearying to the 
participants. 

To help solve the problem, some 
23 institutions in the Northeast have 
been sharing information on student 
financial aid and jointly reviewing 
the applications for such aid made 
by about 10 000 students who had 
been accepted to more than one of the 23 
institutions. 

Evidently this annual process has helped 
apportion scarce funds so that, at the bot- 
tom line, more qualified students could be 
supported by the participating colleges. 
What was required for it to work was a read- 
justment of mindset of the college adminis- 
trators who traditionally were geared to 
compete strongly for the better students by 
using the enticements of grants and loans, 
irrespective of need. 
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Is college a commodity? 


Now the U.S. Department of Justice has 
stepped in with a charge that the process just 
described is a violation of antitrust laws. At- 
torney General Dick Thornburgh is quoted 
on the issue as stating that ‘‘Students and 
their families are entitled to the full benefits 
of price competition when they choose a col- 
lege,’’ and that ‘‘this collegiate cartel has 
denied them the right to compare prices and 
discounts among schools, just as they would 
in shopping for any other service or com- 
modity.”’ 

First, to place a university education in the 
same category as a commodity on the face 
of it seems inappropriate. Choosing an edu- 
cation ought to be undertaken on a differ- 
ent plane from purchasing a Toyota or a 
Chevrolet. 

Second, is it really unfair, in the context 





of the many similar social contracts endorsed 
by the U.S. government over decades, to 
provide more aid to those who need it at the 
expense of those who are well-heeled? Sure- 
ly the fact that much of the funding in ques- 
tion is from private endowments as opposed 
to the public funds has no bearing. If any- 
thing, the private donors could withdraw 
their support if they deemed the appropri- 
ation process unfair. We know of none who 
did, even though the practice of cooperat- 
ing on financial aid matters has been going 





on among some of the schools for decades. 

Bearing the brunt of the Justice Depart- 
ment’s ire were the eight Ivy League mem- 
bers and the Massachusetts Institute of 
Technology. 

The Ivy League colleges, Brown, Colum- 
bia, Cornell, Dartmouth, Harvard, the 
University of Pennsylvania, Princeton, and 
Yale, have signed a consent decree to avoid 
cooperating on financial aid in the future. 
MIT refused to sign the decree. Harvard’s 
vice president and general counsel disagreed 
with the Justice Department’s position, 
saying the practice ‘‘served the good social 
purposes of making sure that a limited 
amount of financial funds went to the need- 
iest students.’’ Princeton University’s presi- 
dent said, ‘‘Awards in excess of need either 
divert resources from needy students or re- 
quire an increase in revenues or 
reductions in other programs to sup- 
port aid above the level of need.”’ 
Columbia University, although it 
signed the consent decree, is 
reported to be considering asking 
Congress to pass legislation that 
would make cooperation specifically 
permissible. 

Just when university coalitions in 
the United States are beginning to 
collaborate on important new ways 
to qualify precollege students for 
admission, retain college students 
through to graduation, and reform 
curricula, with the support in many 
cases of industry and the National 
Science Foundation, the Justice 
Department’s reading of antitrust 
laws puts a chill on one important 
and time-honored cooperative pro- 
gram of some of those same univer- 
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sities. 

In this important area, we must side with 
MIT’s position that the cooperative proce- 
dures on financial support did not violate an- 
titrust laws. 

Should the issue enter the courts, we 
would then hope that Columbia University 
would be successful in its stated intention of 
pressing for legislation that would make the 
Justice Department’s case moot. 





Donald Christiansen 
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he Boeing Commercial Air- 

plane Group is using it to 

develop the giant 777 trans- 

port and expects to release 

design drawings a year and 

a half earlier than happened 

with the 767. John Deere & 

Co. used it to cut 30 per- 

cent off the cost of developing new construc- 

tion equipment and 60 percent off develop- 

ment time. AT&T Co. adopted it and halved 

the time needed to make a 5ESS electronic 
switching system. 

“It’’ is concurrent engineering (CE). 

These and other companies believe that 
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their survival depends on it. In CE, the key 
ingredient is teamwork. People from many 
departments collaborate over the life of a 
product—from idea to obsolescence—to en- 
sure that it reflects customers’ needs and 
desires. Marketing, engineering, and 
manufacturing, for example, work together 
from the outset to anticipate problems and 
bottlenecks and to eliminate them early on. 
In so doing, they avoid delays in bringing the 
product to market and costly failures in ser- 
vice. Accounting and purchasing have their 
say, too, and help to ensure low product cost 
and reliable supplies of parts and materials. 
With CE, no longer does marketing give 
product specifications as a fait accompli to 
engineering. No longer does engineering’s 
design get ‘‘tossed over the wall’’ to 
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manufacturing. Instead, all work together— 
in fact, one industry observer likened CE to 
“‘tossing the engineer over the wall.’’ 

CE is much more than teamwork, how- 
ever. Computer-aided design, engineering, 
and manufacturing tools play a big role. Sys- 
tems for sharing and managing design infor- 
mation are vital in large projects. CE also 
goes by other names like simultaneous or 
parallel engineering. Indeed, Japanese con- 
sumer electronics manufacturers have prac- 
ticed it for years without giving it a special 
name; they consider it simply good business 
and engineering sense. 

In this special report, experts present an 
overview of CE, give advice on implement- 
ing it, define key concepts, and describe ef- 
forts to foster its growth. 
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‘New rules for 
world-class 
companies 


Focus all resources so that 
new products work right the 
first time, rather than toss 
designs over the wall’ for 
manufacturing to produce 


Companies relying on traditional ways of 
designing new products and bringing them 
to market are being shocked into action by 
competition from world-class companies. 
Books, articles, and academic research have 
recently focused on the disparity that exists 
among companies in product development 
costs and cycle times, manufacturing costs, 
quality, reliability, and customer satisfaction. 
What their authors found was 99 percent 
common sense: they rediscovered the old 
adage: ‘‘Work smarter, not harder.”’ 
Many companies in Japan, the United 
States, and elsewhere are now doing just 
that. They compete successfully around the 
world because they have adopted a panoply 
of techniques for developing and manufac- 
turing high-quality products that come under 
the heading of concurrent engineering (CE). 
This new wave of the new-product game 
starts with multifunctional teaming. But it 
also includes concepts and techniques whose 
acronyms spell out the new rules: design for 
manufacture (DFM), continuous process im- 
provement (CPJ), total quality management 
(TQM), and quality function deployment 
(QFD) [see ‘‘Defining terms,’’ p. 24]. 
Integrating all these features, CE strives 
to create successful new products by bring- 
ing together as early as possible in the de- 
sign cycle a company’s resources and its ex- 
perience in design, development, marketing, 
manufacturing, service, and sales. These 
capabilities are then focused on developing 
and manufacturing a high-quality, lowest- 
cost product that meets the customer’s 
needs. 
DOING IT IN PARALLEL. Most importantly, CE 
can shorten the overall product-deve- 
lopment process because the steps along the 
way are handled in parallel instead of in se- 
ries, as is usual. The time to market is also 
improved because CE reduces the number 
of product iterations. First prototypes not 
only meet spec, but also are compatible with 
the company’s manufacturing capabilities. 
An example from the Japanese automobile 
industry illustrates how CE can pay off. 
Measured by man-hours expended, the Jap- 
anese in the mid- to late-’80s took roughly 
just half the time U.S. companies did to de- 
velop and produce a new automobile. The 
results of this disparity were enormous. It 
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meant the Japanese found it profitable to 
make fewer cars of any given model and 
keep it on the market for a shorter time. 
Overall, they could support a greater vari- 
ety of products and target them toward more 
segments of the market. This strategy in it- 
self could lead to still higher sales and profits. 

Since most of the profit from a successful 
product comes early in its life cycle, turn- 
ing the autos over faster allows their retire- 
ment from the market at close to their opti- 
mum profitability. They could then be 
replaced by newer products that are even 
more responsive to customer demands and 
that are built with more advanced lower-cost 
technology. But getting everything right the 
first time is paramount because products 
having shorter lives do not allow companies 
time to correct design errors or to re- 
engineer products for lower cost or higher 
quality. 

CE has also scored well at Mercury Com- 
puters Systems Inc., a Lowell, Mass.-based 


Mercury Computer Systems’ MC860VB attached 
processor using a 40-MHz Intel i860 on a 6U 
VME card (with a daughter board) went from de- 
sign approval to the customer in 90 days. A seri- 
al approach would have taken 125 days. 





maker of add-on processor boards for VME- 
bus. The company was able to shorten ap- 
preciably the cycle for shipping a new board 
from design approval to a customer for test- 
ing down to just 90 days instead of 125 days 
it would otherwise have taken. This achieve- 
ment is particularly notable because Mer- 
cury used a mix of in-house capability and 
outside suppliers to lay out, fabricate, and 
assemble the board, which incorporates a 
40-MHz Intel i860 microprocessor [see 
photo]. The company bases its success on 
understanding its customers’ needs, as well 
as its own and its suppliers’ manufacturing 
processes. 

OVER THE WALL. For most of their history, 
U.S. electronics companies have usually 
operated by tossing new products developed 
in their design groups ‘‘over the wall’’ to 
manufacturing. The product engineering and 
manufacturing departments then took on the 
task of ensuring that the product was 
manufacturable. Once that was established, 








Mercury Computer Systems Inc. 
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[1] As concurrent en- 
gineering is intro- 
duced and experience 
is gained with it, 
production ramp-up 
to high volumes will 
be faster, as indicat- 
ed in these curves for 
a line of medical elec- 
tronic instruments. 
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they manufactured it. 

This process inevitably leads to rework. 
For reasons of manufacturability, for in- 
stance, part dimensions and tolerances 
might have to be changed. But there is an- 
other problem in this division of specialties: 
manufacturing will not know which dimen- 
sions and tolerances are critical to the per- 
formance of a product, nor which can be 
relaxed to improve the manufacturing effi- 
ciency and yield. Thus, only ‘‘make or 


changed—because it is better to accept a 
marginally manufacturable product than to 
jeopardize proven (during prototyping) per- 
formance to make the unit easier to 
manufacture. 

Any changes also mean, in turn, that 
documentation, such as parts lists and con- 
figuration and assembly drawings, must be 
altered, too. Tooling may have to be re- 
worked and contracts possibly renegotiated 
with suppliers. 

Historically, once the product of most 
electronics companies got to the field, mar- 
keting and field service organizations record- 
ed customer complaints about it and its per- 
formance versus advertised specifications. 
Some also considered service technicians’ 
reports about repairs and defect rates of 
parts and assemblies. In many cases, how- 


Powerful methods for design optimization have be- 
come an important part of concurrent engineering 
practice. Whereas traditional design aids, such as 
design guides and checklists, focus on one area of 
concern, the new methods make it easy to hold a 
wide range of issues in view simultaneously during 
the design phase of product development. In es- 
sence, ‘bookkeeping’ facilities arrange large 
quantities of information in a way that enhances 
the concurrent engineering team’s ability to 
use it and to cross over functional boundaries. 

In most cases, a central graphical element 
helps the team visualize the key elements and 
relationships in a multidisciplinary design so- 
lution. At present, the methods are executed 
with pencil and graph paper or software-based 
spreadsheets. In the future, they will be in- 
tegrated with design automation tools, 
computer-aided manufacturing systems, and, 
above all, with information management tools 
meant specifically for concurrent engineering. 
With further computerization, it will become possi- 
ble to store and reapply the results of the methods 
and the supporting data, hastening product improve- 
ment over several generations, 

Whatever form they take in the future, these clas- 
sic methods should be part of the concurrent en- 
gineer’s lexicon. 

QUALITY FUNCTION DEPLOYMENT (QFD). Known 
as the ‘“‘house of quality” before it crossed the ocean 
from Mitsubishi Corp.’s Kobe shipyard and Toyota 
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break’’ manufacturing characteristics are 








ever, companies have still not learned from 
their past mistakes. Often, they fail to set 
up communication links to notify the design 
and development departments of deficien- 
cies discovered in the field. 

This happens sometimes because many 
companies do not have the management 
skills, resources, or tracking systems to 
identify deficiencies. But engineers are also 
overwhelmingly biased in favor of fixing 
problems in current products, rather than in 
preventing future problems by finding and 
eliminating root causes in the underlying de- 
velopment process. 

Thus, companies tend to turn out new 
products with the same (low) levels of cus- 
tomer satisfaction, quality, and cost. They 
end up fixing problems again and again, while 
patting themselves on the back for their 
knowledge and experience in solving the 
same deja vu problems for each product. 
Problems of one generation sometimes turn 
up in the next. 

Granted, attempts are being made to rec- 
tify these failings. But these include after- 
the-fact, post-production improvement pro- 
grams. Or cost-reduction and value-engi- 
neering programs are introduced to redesign 
the product and reduce its cost or increase 
its quality after its release to manufacturing. 

What may finally help are guidelines and 


Concurrent engineering: defining terms and techniques 


Motor Corp.'s automobile factories to North America 
and Europe, QFD is a pair of spreadsheets that re- 
late subjective customers’ desires (called customer 
attributes, or CAs) to quantitative engineering charac- 
teristics (ECs). Where CAs intersect ECs on the first 
spreadsheet, simple symbols indicate a positive or 
negative, weak or strong relationship. There is room 





for noting the importance of each CA and a quan- 
titative measure of each EC. 

The second spreadsheet forms the ‘‘roof’’ over 
the house of quality—it shows the relationships be- 
tween ECs by linking the EC columns of the basic 
spreadsheet in a matrix much like a highway mile- 
age chart. Again, simple symbols express the de- 
gree of relationship. 

By touring a house of quality, an engineering team 
finds out which CAs are important (because either 
the customer wants them or the competition has 
them) and the set of ECs to be addressed to im- 
prove each CA. The team can also observe wheth- 
er efforts to improve any one CA harm other CAs. 








examples of do’s and don’ts in the design of 
parts issued by the manufacturing and field 
service departments. The problem with 
these lists, however, is that they are also 
thrown over the wall (in the opposite direc- 
tion, of course). And they fail to reflect the 
dynamics of change within both design and 
manufacturing. 

MOVE OVER, R&D. With concurrent engineer- 
ing, new products are no longer the sole do- 
main of the R&D department. Since from 
the very start of CE, product development 
must involve all parts of an organization, ef- 
fective teamwork depends upon sharing 
ideas and goals beyond immediate assign- 
ments and departmental loyalties. Such be- 
havior is not typically taught in the engineer- 
ing schools of U.S. colleges and universities. 
For CE to succeed, teamwork and sharing 
must be valued just as highly as the tradi- 
tional attributes of technical competence and 
creativity, and they must also be rewarded 
by making them an integral part of the en- 
gineer’s performance evaluation. 

In putting the techniques of CE into ac- 
tion, quality function deployment (QFD) 
methods are designed to listen to the voice 
of the customer. Once customer require- 
ments are well-defined, product specifica- 
tions can be focused on what the customer 
really needs. This is especially true for 


DESIGN FOR MANUFACTURE AND ASSEMBLY. 
DFMA is both a philosophy of design and a soft- 
ware package that alerts design engineers to the 
manufacturing implications of their work. Geoffrey 
Boothroyd, a manufacturing engineer, had the idea 
and with Peter Dewhurst, a software engineer, devel- 
oped a family of application-specific computer pro- 
grams. These DFMA programs are rooted in 
years of research. They supply quantitative data 
on such manufacturing parameters as machin- 
ing rates, assembly times, and material proper- 
ties. With them, a designer can estimate quickly 
and accurately the effort involved in manufac- 
turing a design—before it is too late to consider 
alternatives. The software is available from 
Boothroyd Dewhurst Inc., Wakefield, R.I. 

Unlike traditional component-by-component 
analysis of a system’s producibility, DFMA 
never lets the engineer lose sight of the sys- 
tem for the components. It focuses on produc- 
tion cost so that part complexity can be trad- 
ed off against number of parts and the difficulty of 
assembling them. 
ROBUST DESIGN. Genichi Taguchi developed the 
concept of robust design at the Electrical Commu:- 
nications Laboratory of Nippon Telegraph and Tele- 
phone Co. between 1949 and 1961, and won Japari's 
prestigious Deming Prize for his efforts. Briefly, ro- 
bust design minimizes less-than-optimal interactions 
among a product's parts caused by external factors 
such as manufacturing process variations, abusive 
operation (for example, running at reduced supply 
voltage), and the environment (for example, higher- 
than-rated humidity). 

Robust design is not the same as rugged or con- 
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evolutionary products, where the customer 
is aware of the choices and capabilities of 
what is already on the market. 

Certainly decisions like these, made dur- 
ing the concept definition and development 
phases of a new product, are highly lever- 
aged and tend to have the greatest impact 
on overall life-cycle costs. 

In manufacturing, with the help of total 
quality management (TQM) tools like 
statistical process control, CE can lead to 
product specifications and manufacturing 
tolerances that yield the lowest production 
costs and highest quality. Production rates 
can ramp up quickly to full volume after re- 
lease to production because the manufactur- 
ing process is well-documented and con- 
trolled. 

The important lesson to be learned is that 
CE methods, relying on the broadest base 
of company inputs, help to design the 
products right the first time. Moreover, by 
using continuous process improvement 
(CPI) techniques, CE does not lead to a pla- 
teau with respect to its benefits. Improve- 
ments will continuously be made when it 
comes, for example, to decreasing develop- 
ment time or ramping up production faster. 
GAUGING RESULTS. The results of CE efforts 
can be gauged by comparing results gained 
with the new development process to those 


servative design, which adds to the cost by using, 
say, heavier insulation or high-reliability components. 
Rather, robust design seeks to reduce product sen- 
sitivity to the sources of variability through careful 
selection of design values. 

QUALITY LOSS FUNCTION. Variability reduction re- 
quires a very different mindset from that of tradi- 
tional design and manufacturing engineering. The 
premise here is that any deviation from a product 
characteristic’s optimum value, even though within 
tolerance, is costly. The quality loss function is an 
equation that Taguchi developed to calculate the cost; 
it says that the loss of quality increases with the 
square of the deviation from the target value. For 
example, the probability that two or more slightly 
deviant parts will combine to form a defective 
product—or one that fails prematurely—increases 
with the squares of the deviations. 

The cost of quality loss shows up in various 

guises: warranty costs, costs of repair or replace- 
ment borne by the customer, and loss of customer 
satisfaction or good will. 
SIGNAL-TO-NOISE RATIO. Besides minimizing devi- 
ations within a product, robust design seeks to in- 
sulate the product against outside sources of 
variability—'‘noise’—in manufacturing and use. The 
goal is to select design values that maximize the 
“signal’’ of key product characteristics in relation 
to reasonably expected “‘noise.’’ Still, it is hard to 
select design values to maximize the signal-to-noise 
ratio. There are so many variations, and their inter- 
action with design values is so complex, that the 
cost and difficulty of analyzing them seems over- 
whelming. For example, given 13 design variables, 
each subject to three kinds of variations (low, medi- 
um, and high), a total of 1 594 323 design options 
would have to be tried out. 
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[2] The application of concurrent engineer- 
ing has led to fewer engineering changes after 
products are released to production. 


experienced with older products. Typical 
charts, shown here for an actual line of elec- 
tronic medical instruments and normalized 
for a component count or percentage of first- 
pass yields, show increased efficiency in 
several areas: 

e Shorter time for the product introduction 
cycle, as indicated by the production ramp- 
up to mature volumes [Fig. 1]. A quick ramp- 
up maximizes revenue from the new prod- 
uct, since the date of its obsolescence is like- 
ly to be fixed by competitive pressures and 


EXPERIMENT BY ORTHOGONAL ARRAYS. Jo avoid 
massive experimentation, Taguchi introduced the or- 
thogonal array concept. Several parameters are var- 
ied at a time in a pattern that changes from experi- 
ment to experiment (each pattern resembles an array 
of orthogonal vectors). This slashes the number of 
experiments by orders of magnitude—from 1.5 mil- 
lion for the 13-variable example to a mere 27. Or- 
thogonal array experiments do not yield specific de- 
sign values, but they do show how important each 
is to robustness, and a designer can then zero in 
on optimum values. 

STATISTICAL PROCESS CONTROL (SPC). Quality 
by inspection depends on a certain level of defects 
so that their source can be pinpointed, and defects 
today are generally few and far between. So, rather 
than try to find defects in finished products, statisti- 
cal process control seeks to monitor and correct 
drifts in quality in the manufacturing processes, start- 
ing with a thorough knowledge of the link between 
them and product defects. 

ISHIKAWA’S SEVEN TOOLS. Kaoru Ishikawa em- 
bodied abstract mathematical SPC concepts in sim- 
ple charts and graphs used by ordinary factory wor- 
kers. He gave them seven powerful tools for 
enhancing their productivity while reducing variability 
in their part of the process: cause-and-effect dia- 
grams, check sheets, histograms, Pareto diagrams, 
control charts, scatter diagrams, and binomial prob- 
ability paper. Ishikawa took basic statistical tools and 
simplified and modified them to create a usable 
package. He conceived his ideas at the Kawasaki 
Steel Works in Japan in 1943 and later developed 
them as a professor at the University of Tokyo. For 
his work, he received Japan’s Deming Prize and the 
American Society for Quality Control’s Grant Award. 
FISHBONE DIAGRAM. Ishikawa's cause-and-effect 
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[3] Another measure of concurrent engineer- 
ing’s payoff was that design iterations fell even 
as board designs got more complex. 


technology enhancements. 

e Improved design quality, as measured by 
the number of engineering changes made 
within, say, six months after release [Fig. 
2]. These engineering changes measure the 
design robustness and the completeness of 
documentation. (Data is normalized to the 
total number of released assemblies.) 

e Reduced design iterations, taking into ac- 
count the level of design complexity [Fig. 3]. 
For circuitry implemented on printed-circuit 
boards, the number of components is a good 


diagram—also called a fishbone diagram for its 
spine-and-rib structure—is particularly applicable to 
concurrent engineering. It starts with an effect (a 
dependent process or step) as a spine and works 
backward, with each major class of causes (influenc- 
ing processes) added as a rib. Specific causes—or 
supplementary information on a cause—are added 
as branches on the ribs. The final diagram is im- 
posing, but the design team can use it to study a 
seemingly incomprehensible array of causes and 
dependencies to find the critical ones. 

The following terms also appear frequently in dis- 
cussions of concurrent engineering: 
CONTINUOUS PROCESS IMPROVEMENT. CPI is 
systematic continuous study of a process, year after 
year, to find ways of improving it. As applied to con- 
current engineering, CPI reduces development time 
and final costs of products made by the process. 
JUST-IN-TIME DELIVERY. JIT manufacturing 
methods provide components and assemblies as 
they are needed. They make it unnecessary to main- 
tain large inventories, and thus help to cut costs. 
TOTAL QUALITY MANAGEMENT. TQM applies a set 
of principles to focus continuous attention on qual- 
ity at every step of design, development, and 
manufacturing by everyone in a company. TQM’s 
overriding purpose is to increase value to customers. 
ABOUT THE AUTHOR. Donald Hall [Mj is chief en- 
gineer of the Computer-Aided Acquisition and Logis- 
tic Support (CALS) Policy Office of the Department 
of Defense (DOD) in Alexandria, Va. He has worked 
on the DOD’s concurrent engineering effort for four 
years and has developed methods for applying de- 
sign automation of concurrent engineering. He 
received a BSEE from the University of the Pacific, 
Stockton, Calif., and an MSEE from the University 
of California, Davis. 
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indicator of design complexity. Design iter- 
ations should go on declining even as the de- 
sign complexity increases. 

e Shorter production time, with the new 
product’s assembly and fabrication opera- 
tions reaching mature production faster. The 
learning curve of the improvement of 
production with experience should be less 
pronounced, or even nonexistent, for 
products developed using CE. 

Another gauge of overall process quality 

is obtained by measuring and comparing 
yields. The yield for printed-circuit boards 
can be measured following board assembly 
and test, and burn-in. Typically the problems 
with board assembly arise from missing, 
misloaded, and reversed components, sol- 
dering defects, and defective incoming com- 
ponents. 
CRANKING UP. In forming an interfunctional 
or interdisciplinary team, the best tactic is 
to set specific goals as early as possible. 
These should be aggressive, not evolution- 
ary, and should be based on experience with 
current products. 

For example, 10 percent improvement in 
new product cost, time to market, or relia- 
bility will not be adequate; the competition 
is likely to be shooting much higher. A case 
in point is Hewlett-Packard Co., Palo Alto, 
Calif., which in the 1980s instituted a pro- 
gram to improve the quality of its products 
in all respects by 1000 percent in five years. 
And it succeeded [see related article, p. 32]. 

The CE effort should combine computer- 
aided engineering and design and computer- 
integrated manufacturing (CAE/CAD/CIM) 
with design for manufacturing (DFM). It is 
vital here to: 
¢ Document the capabilities and constraints 








of the current production process with struc- 
tured analysis and data flow diagrams. Use 
them to eliminate redundant tasks. 

¢ Review new parts and assemblies for 
manufacturability, serviceability, testability, 
and repairability. Be sure to include the tradi- 
tional focus of design reviews such as tech- 
nical correctness and overall quality. 

© Develop an integrated computer network 
for downloading computer-aided design and 
engineering representations to the manufac- 
turing equipment. This eliminates transcrip- 
tion errors in tooling up fabrication and as- 
sembly. 

© Develop software tooling whenever pos- 
sible so that manufacturing builds all proto- 





26 








types. Manufacturing must assign the highest 
priority to producing them. Any discrepan- 
cies in assembly and fabrication instructions, 
violations of manufacturing equipment or 
process constraints, documentation errors, 
part misalignment, and part failures should 
be recorded. Manufacturability feedback 
should be supplied promptly to the design 
department together with the prototypes 
and suggested design changes. Such issues 
should be resolved further in formal 
manufacturability design reviews. 

When producing prototypes, never use a 

special department, such as a model shop. 
These departments are staffed with very 
skilled people who can not only fabricate or 
assemble parts with incomplete information, 
but also make do with marginal manufactur- 
ing processes. Then when regular produc- 
tion sources are used, the parts may not be 
manufacturable to spec. 
STRUCTURED ANALYSIS. As for structured 
analysis, many software packages are on the 
market for assisting in the drawing of struc- 
ture and data flow diagrams. These charts’ 
basic elegance is that they use only a few 
symbols and techniques to present a com- 
plex system or operation graphically. 

Originally, structured analysis and design 
were tools for software developers who 
needed a means for making a hierarchical 
breakdown and description of software mod- 
ules. The technique then replaced traditional 
flow charting as the magnitude of software 
projects and programming complexities went 
on increasing. 

Now the charts use the hierarchical ap- 

proach to illustrate a complex design and 
manufacturing task or information to be 
processed. They show the source and des- 
tination of the information flow that 
goes on. Often, the charts will highlight 
redundancies and inefficiencies in the 
system. Another advantage is that in- 
formation flows between different sys- 
tems and departments can also be 
presented graphically. Thus, the charts 
can describe the complex marketing, 
sales, manufacturing, and quality con- 
trol systems used to develop and in- 
troduce new products to manufactur- 
ing and the marketplace. 
ABOUT THE AUTHOR. Sammy G. Shina is 
associate professor of industrial tech- 
nology in the College of Engineering at the 
University of Lowell, Mass. He has spent 
22 years developing new products and state- 
of-the-art manufacturing systems. Most re- 
cently he was at Hewlett-Packard Co. where 
he held positions in manufacturing manage- 
ment, engineering, and R&D. He has writ- 
ten more than 30 technical papers in such 
areas aS manufacturing automation, auto- 
mated process development, and design 
guidelines for manufacture. 

This article is based on material in Chap- 
ter 1 of Shina’s recently published Concur- 
rent Engineering and DFM Electronic 
Products (Van Nostrand and Reinhold, New 
York, 1991). Sd 











The Darpa initiative: 
encouraging new 
industrial practices 


A Government-industry 
consortium seeks to simulate 
small-team interactions 
among people in large, 


dispersed organizations 


The purpose of the Darpa Initiative in Con- 
current Engineering—DICE—is to en- 
courage the practice of concurrent engineer- 
ing in the U.S. military and industrial base. 
Toward that end, DICE’s mission includes 
developing, integrating, and disseminating 
technologies for concurrent engineering. 
Studies and workshops in the late 1980s con- 
vinced Darpa it should borrow the best prac- 
tices from industry around the world and 
apply them to weapons systems develop- 
ment, in particular the practice of consider- 
ing all aspects of a product concurrently, in- 
cluding manufacturing and logistics, for the 
sake of high quality, low cost, and short time 
to market. 

DICE was launched in 1988 by the De- 
fense Advanced Research Projects Agency 
(Darpa) as a five-year program; US $60 mil- 
lion will have been expended on the program 
by the end of this year. A consortium of more 
than a dozen industries, software companies, 
and universities conducts DICE for Darpa. 

The consortium’s overall goal is to de- 
velop an architecture for concurrent en- 
gineering in which the people working on a 
project can instantly communicate with each 
other and access, share, and store up-to-date 
information in a transparent way, unhindered 
by geographic separation, organizational 
structure, product complexity, and incom- 
patible tools, databases, and computing 
resources. 

DICE is not concerned with developing 
techniques for automating the design and de- 
velopment process. These functions are 
well-served by computer-aided design and 
engineering software already on the market. 
Rather, DICE tries to give people working 
in large and scattered organizations the same 
Ramana Reddy, Ralph T. Wood, 
K. Joseph Cleetus 
Concurrent Engineering Research Center 
West Virginia University 
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freedom of interaction and information ex- 
change as is enjoyed by a small team work- 
ing in the same room. 

PILOT PROJECTS. The concurrent engineer- 
ing services are being developed in conjunc- 
tion with several pilot projects. In one, 
General Electric Aircraft Engines, Cincin- 
nati, Ohio, is implementing a concurrent en- 
gineering environment for a hollow airfoil for 
aircraft gas turbine engines. The goal is to 
be able to use novel materials and processes 
without the long lead time of sequential en- 
gineering and to accommodate production 
exigencies without losing the designers’ in- 
tentions. 

In another pilot project, Westinghouse 
Electronic Systems Group, Baltimore, Md., 
is re-engineering a signal-processing circuit 
board. The goal is to show the effectiveness 
of the DICE approach by examining the se- 
quential development process, making it 
concurrent by sharing information among the 
engineering disciplines involved in the pro- 
cess, and measuring the improvement in 
reliability, cost, customer satisfaction, and 
development time. 

Till now, GE Aircraft Engines has been the 

prime contractor for DICE, coordinating 
participants in pilot studies. Starting this 
year, Darpa assumes the prime contractor’s 
responsibilities. West Virginia University’s 
Concurrent Engineering Research Center 
(CERC), Morgantown, has led industrial 
laboratories and universities in developing 
generic services for concurrent engineering. 
The accompanying table lists other par- 
ticipants and their roles. 
TIGER TEAMS. Product development is a 
cooperative enterprise in which groups of 
engineers, other experts, and managers 
work on different facets of the product under 
the direction of a project leader. In concur- 
rent engineering, all these project members 
belong to ‘‘tiger teams’ ’—interdisciplinary 
groups that rove across traditional depart- 
ment boundaries. Unconstrained by arbi- 
trary barriers, tiger team members commu- 
nicate their insights, make recommendations, 
and negotiate conflicts. They bring problems 
to light early. 

DICE advocates using a set of computer- 
based services to enable a team, cooperating 
over a network, to transcend the barriers of 
distance, platform and tool heterogeneity, 
and insular viewpoints. Accordingly, the 
DICE services are designed for an informa- 
tion system that connects members of ‘‘vir- 
tual’’ teams by a high-speed computer net- 
work through which they communicate and 
coordinate information and workflows so as 
to promote cooperation and achieve rapid 
consensus. 

In the past, computer-based information 
systems have tended to straitjacket people 
and isolate them. Different systems repre- 
sent product data differently, lack program 
interfaces with each other, and provide no 
way of coordinating workflow. DICE aims 
to prevent this by emphasizing human fac- 
tors as well as technology; technology can 
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help greatly, of course, but an organization- 
al commitment to team values is just as im- 
portant. 

The DICE services are based on existing 

standards such as X-Windows and TCP/IP 
data communication protocols and on com- 
mercial products such as spreadsheet and 
hypermedia software packages. These ser- 
vices are still evolving, and have many gaps 
(for instance, workflow control). Neverthe- 
less, they are real. Documents exist on how 
to use DICE services. And they have been 
demonstrated successfully in an environ- 
ment of multiple, geographically dispersed 
disciplines with many teams and covering 
the life cycle of a product. 
CERC’S ROLE. West Virginia University’s 
CERC operates one of the principal vehi- 
cles for accomplishing DICE’s mission: a 
concurrent engineering testbed. The 
mechanical structures testbed, for example, 
is a small, integrated network of worksta- 
tions and software packages (both commer- 
cial packages and those specially developed 
for DICE). It is used to design and develop 
complex mechanical prototypes, and even to 
machine them. 

With the testbed, CERC can test and 
demonstrate DICE-developed technologies 
and evaluate new concurrent engineering 
technologies developed outside the pro- 
gram. 

Among the general-purpose services 
it offers are transparent collocation of pro- 
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grams (any program in any workstation is 
available to other workstations as if it were 
hosted there); computer-based meetings, 
with text, voice, and graphics available by 
means of the network; a unified, shared 
product information base; and shared access 
to data in many object languages. Also in- 
cluded are ‘‘wrappers’’ (interface software 
for integrating engineering tools with the 
shared database and other services); brows- 
ing, via hypermedia, through data on the de- 
sign intent and rationale; and ‘‘constraint”’ 
tools for managing customer requirements 
and enforcing design rules and process 
limitations. 

In addition, the testbed offers many 
special-purpose services. For example, 
software-based ‘‘design advisors’ provide 
guidance on casting, forging, assembly, 
testability, and so forth. Other special ser- 
vices include geometric modeling, finite- 
element analysis, and simulation of machin- 
ing operations. 

Another part of CERC’s mission is to train 
people in concurrent engineering tech- 
niques. To do this, CERC has teamed with 
the Center for Entrepreneurial Studies and 
Development, also at West Virginia Univer- 
sity, to teach people how to manage change 
and improve procedures. CERC also pub- 
lishes monographs and handbooks, sponsors 
symposia and workshops, and participates 
in standards committees. It maintains 
CERCnet, a free electronic information ex- 
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It's enough to make other VME board 
builders call us names. Or call it quits. 

A new 23 MIPS VME single board 
computer based on the 88100 RISC micropro- 
cessor. Or a new 20 MIPS VME board based 
on the 68040 CISC microprocessor. 

Both are built by Motorola. And each is 
offered for a modest sum. 


Motorola and the @) are registered trademarks of Motorola, Inc. ©1991 Motorola. All rights reserved. 
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A mere $3,995 per board. 

For all you multiplication buffs out 
there, that comes out to just $174/MIPS 
for the RISC board. 

A far cry from the $1,000/MIPS 
you've been asked to pay for somebody 


else’s board. 
And it’s just $200/MIPS for the 
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CISC board. A whole lot less than you'll 
pay elsewhere. 
The MVME187 (RISC) and MVMEI67 


(CISC) boards employ VME Dé64 architecture. 


Boosting the VMEbus bandwidth to a full 
40MB/s. 

And both boards come with four 32-bit 
timers. SCSI and Ethernet connections. Plus 
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change system that provides subscribers 
with concurrent engineering abstracts and 
documents, concurrent-engineering-related 
bulletin boards, conferencing by electronic 
mail, and electronic want ads for those in- 
terested in related work. 

TRANSFERRING METHODS. Finally, CERC 
participates in pilot projects that help both 
CERC and industry gain experience in trans- 
ferring concurrent engineering methods into 
real-life situations, and help CERC evaluate 
DICE architecture services. The pilot proj- 
ect with GE Aircraft Engines seeks to short- 
en the time needed to develop a high-value 
mechanical component—a hollow fan blade 
in an aircraft gas turbine engine—and to 
make it more producible. The project with 
Westinghouse Electronic Systems Group fo- 
cuses on a high-value electronic subsys- 
tem—a digital signal-processing board com- 
mon to radar systems—and aims to make it 
less expensive and easier to tailor to a 
specific system. 

CERC engineers and their industrial col- 
leagues are carrying out both projects in this 
sequence of steps. First, they create teams 
and train them for the necessary change to 
a concurrent engineering culture. Next, the 
teams capture the ‘‘as-is’’ development pro- 
cess of the sequential engineering culture, 
and subsequently establish the concurrent 
engineering testbed, integrating in it DICE 
services, application tools, and databases. 
After that comes creating the ‘‘to-be’’ de- 
velopment process—the concurrent en- 
gineering culture—and setting up metrics for 
it. Then they implement improvements 
in the design and development process. 
Finally, they evaluate generic DICE 
services for integrated product de- 
velopment; validate that the require- 
ments, features, and benefits of concur- 
rent engineering are in fact realized; 
and document the case and the lessons 
learned. 

So far, the needed improvements 
have been identified for both projects. 
Implementing and testing them are 
under way. The engineers have already 
written the to-be scenarios and chosen 
metrics. They have put workstations in place 
and connected them in networks and are in- 
stalling DICE services in them. 

Early experiences with both projects have 
been similar. For example, on both projects, 
a diverse group of DICE developers and 
pilot-site engineers and software specialists 
made up the team that both planned and ac- 
complished the work. The DICE developers 
had to learn to follow their own precepts of 
team behavior and to share information 
early—other team members chided them for 
their diffidence in revealing their still- 
incomplete specifications for services. For 
their part, the other team members brought 
with them strongly held opinions. 

What was expected to be a straightforward 
exercise in recording the current design-to- 
manufacturing process turned out to take 
nearly six months. Informal procedures had 
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to be spelled out explicitly, with details of 
timing, data exchange, and sequence. The 
results fill a volume with diagrams. 

The barriers of heterogeneity were faced 
immediately. For example, Westinghouse 
used older proprietary tools to which the 
communications services of DICE had to be 
added. A separate area was set up for a pro- 
totype testbed at Westinghouse, where team 
members from several disciplines could ex- 
ercise the tools with DICE services. The 
pilot testbed was custom-tailored for the or- 
ganization that would be using it. Eventual- 
ly, it was integrated with Westinghouse’s 
larger information management network. 

Perhaps most important for the future, 
those CERC engineers who are also mem- 
bers of the faculty at West Virginia Univer- 
sity are teaching new courses in concurrent 
engineering and are updating several stan- 
dard courses to include this powerful con- 
cept. Moreover, plans are under way to offer 
a minor degree certificate in concurrent en- 
gineering as part of the master’s degree pro- 
gram. It is high time, faculty members be- 
lieve, that students experience close 
interdisciplinary teamwork with highly in- 
tegrated information systems—the way they 
will be expected to work in the future. 

The work on the DICE program described 
in this article is supported by Darpa under 
contract MDA972-88-C-0047. 
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Making it work 
calls for input 
from everyone 


Dedication, teamwork, and 
a sweeping corporate cultural 
change are essential for 
products ranging from one 
of a kind to high volume 


Organizations implementing concurrent en- 
gineering (CE) stand to reap rich rewards. 
Better-designed, higher-quality products 
with a shorter time to market mean higher 
profits, and trouble-free product introduc- 
tions often win market share away from 
competitors. 

Starting and sustaining CE is not easy. It 
takes dedication and discipline, as well as a 
sweeping cultural change. Out goes the typi- 
cal short-term business focus. In its 
place, a world-class CE culture zeroes 
in on continuous improvement. It re- 
lies heavily on teamwork among all em- 
ployees connected with a product’s de- 
velopment, plus close relations with 
customers and suppliers. 

With CE, products can be rapidly 
customized by reusing engineering in- 
vestments to meet changes in customer 
requirements, however frequent; order 
and factory cycle times are cut; up-front 
planning replaces back-end redesign, 
reaction, and rework; first-pass facto- 
ry yields are above 95 percent; and people 
are interested in and proud of their jobs. 

Implementing concurrent engineering is 
like putting a quality program into effect. It 
takes commitment by the entire organiza- 
tion, from top to bottom. It takes education 
at all levels so that everyone speaks a com- 
mon language. It takes repetition: managers 
and engineers must constantly impress upon 
their peers, and those above and below 
them, their commitment to CE. 

The serial organization of most companies 
hampers the communication needed for CE 
to work. The most obvious barrier is the 
separation of the various functions. Only 
once a design is verified, by either simula- 
tion or hardware prototyping or both, is it 
given to manufacturing, test, quality, and 
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service engineers for review [Fig. 1]. 
Changes usually must be made. If done, they 
add to the development cost and time to 
market. If some are not done, because time- 
to-market pressure is great, or the design 
is behind schedule, the review merely ac- 
quaints the other specialists with the prob- 
lems they will face later. 

INTEGRATED EXPERTS. The CE organization, 
on the other hand, integrates the expertise 
from all the functions with the product de- 
sign phase [Fig. 2]. Tradeoffs regarding ease 
of production, testing, and servicing are 
made along with product performance, size, 
weight, parts, and cost tradeoffs. Then, 
when a design is verified, the design is al- 
ready manufacturable, testable, serviceable, 
and of high quality. The review is not likely 
to discover hard-to-solve problems. 

In computer-aided engineering (CAE) the 
situation today is to have ‘‘islands’’ of de- 
sign, manufacturing, and test automation. 
Some are linked well, some not so well. But 
progress is being made, even if front-end de- 
sign tasks are easily the most popular with 
most vendors of CAE tools. 

But CAE frameworks that support all en- 
gineering tasks are being considered. Also 
needed are synthesis tools that include 
expert-system rule checking for more mun- 
dane CE tasks (like designing for manufac- 
turability, testability, and serviceability). It 
is heartening that professional organizations 
like the IEEE seek to standardize many of 
these items on frameworks that support 
open architectures. But until these tools are 
deployed, organizations practicing CE 
should press their design automation sup- 
pliers to develop items allowing for simul- 
taneous simulation of both product and pro- 
cess designs. Systems must also allow for 
the networking of design databases to 
manufacturing process and control. (Some 
of this has already occurred in mechanical 
design.) 

TOGETHERNESS DESIRED. Another nearly 
universal problem in getting CE under way 
is that the members of the product develop- 
ment team are not all in the same place and 
so are unable to communicate as fully as 
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desirable. The best solution is to locate the 
members of the team near each other. This 
encourages ongoing communications—that 
is, not just at formal management and de- 
sign reviews. It also fosters a group spirit of 
responsibility for seeing that the product 
gets to market as quickly as possible with 
the least amount of trouble. 

It also helps to provide workspaces for 
everyone connected with the team, even for 
people in ancillary disciplines who spend 
only part of their time on the project. Those 
empty spaces will remind the others not to 
forget them and to seek out their input. 

If the team members cannot all be in close 
proximity, they should at least have electron- 
ic communication with each other via an 
electronic network or commercial e-mail 
service. The ideal is a companywide net- 
work having a transparent user interface to 
aunified database. But any implementation 
that speeds two-way communications be- 
tween team members is a step in the right 
direction. If a network is not feasible, the 
team should resort to ‘‘foot net’’ or ‘‘mail 
net’’—transferring diskettes or modeming 
files to get input from each team member. 

Alternatively, or sometimes in addition, 
the product development team may accom- 
pany the product as it moves through its de- 
sign and development phases. This will 
teach all team members the consequences 
of their earlier decisions. This experience 
should prove applicable to the next product 
development. Team members will know 
which designs were easy to build, test, and 
service. They will also be in a much better 
position to reuse past designs, further cut- 
ting time to market and development costs. 
OUTSIDE INFLUENCES. Another part of stay- 
ing more competitive in the ’90s is to get 
closer to both customers and suppliers. With 
customers, that means having not just the 
marketing and sales people closer but the 
product design team as well, so it will un- 
derstand exactly what it should be designing. 

Suppliers can also be valuable members 
of the product development team. It is al- 
most always cheaper in the long run to buy 
something already available than to develop 
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Produce 


[1] Serial engineering is characterized by departments supplying in- 
puts to design only after a product has been designed, verified, and 
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[2] During product design, CE draws on various disciplines to trade 
off parameters such as manufacturability, testability and serviceabil- 
ity, along with the customary performance, size, weight, and cost. 


the designs, tooling, and manufacturing ex- 
pertise oneself. Development efforts should 
be spent on the value that a company adds 
to the finished product and not on the ordi- 
nary components that go into it. The excep- 
tion to this, of course, is where proprietary 
component technology or processes are in- 
volved. 

Working closely with suppliers adds their 
expertise at little or no cost. They can often 
suggest better, less expensive ways to do 
things. Tying them into an organization’s 
technology and production needs also 
speeds design and facilitates just-in-time 
manufacturing practices. Reducing the over- 
all number of suppliers also lowers the over- 
head costs of purchasing, inspection, and 
record-keeping. Supplier information also 
can be useful for estimating costs early in 
a project’s design phase. 

Note, too, that costs and other data con- 
stantly being developed by manufacturing, 
test, quality, and service functions should be 
applied to a new product’s development. As 
these facts, which can affect the design it- 
self, are developed, they should be used 
wisely for the improvement, not punish- 
ment, of other organizations (or, worse yet, 
of people). That means saying ‘‘If we do this 
the same way again, the following will re- 
sult. If we do it with the CE discipline, we 
have the chance to...’’ 

Never say, ‘‘Your last design was a dis- 
aster. Look at these numbers...’’ 

If customer requirements dictate a design 
approach outside a company’s capabilities, 
everyone needs to know, so that plans can 
be made to cope with it. An outside source 
may be required, or the approach will have 
to be modified to fit company capabilities. 

In short, forethought and planning must 
extend much farther than has been cus- 
tomary. Shorter product life cycles and pres- 
sure for shorter time to market now make 
it imperative to renounce a philosophy of 
“redo until right’’ in favor of a philosophy 
of ‘‘right the first time.’’ What does ‘‘right”’ 
mean? It comes down to the proper set of 
design tradeoffs for the success of the prod- 
uct (and also the business), in the light of 
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what the customer wants, what the compa- 
ny can handle and what competitors can 
offer. 
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Small-work projects: 
teamwork counts more than 
computer-based tools 


Anyone reading the current literature about 
concurrent engineering (CE) can easily get 
the impression that, to use the technology, 
a company has to make a big investment in 
computers and software. Certainly, com- 
puter tools help. But they are not indispens- 
able, especially on a small project where the 
product is not a complex system but an item 
of electronic equipment such as an oscillo- 
scope or logic analyzer. 

What tools does an engineer need to get 
started in CE? Pencil, paper, some intelli- 
gence, and a willingness to work with peers 
in other functional areas to get the job done. 
Computer-based tools can be added as the 
budget permits. 

That is how Hewlett-Packard Co.’s 
Colorado Springs Division started in 1980. 
Our development process was not even 
called concurrent engineering then, although 
that is what it was—and is. The process 
evolved naturally out of the need for in- 
creased cooperation between the various 
functional areas of the business as HP fo- 
cused on improving manufacturability and 
reliability. The company had already adopt- 
ed the continuous process improvement 
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(CPI) philosophy—a devotion to constantly 
looking for a better way to do things This 
formed a solid base for CE efforts. 

Practicing CE has yielded remarkable 

results. A case in point is Hewlett-Packard’s 
54600 oscilloscope below. We knew from 
the start that cost would be a critical issue 
for this product. Intended as a general- 
purpose ‘‘personal’’ scope, this 100-MHz- 
bandwidth instrument would be competing 
with inexpensive Asian-manufactured units. 
Therefore, we wanted it not just to be price- 
competitive, but to offer greater function- 
ality, too. 
IN ONE-THIRD THE TIME. From idea to finished 
product, it took us about one-third the time 
to complete this project that it would have 
without CE. 

Moreover, with CE, we were able to deal 
successfully with several complicating fac- 
tors. First, there was our concern about 
keeping costs down. Here, materials en- 
gineering and manufacturing engineering 
made big contributions—materials engineer- 
ing by advising designers of their choices of 
components, and manufacturing engineer- 
ing by becoming closely involved in the de- 
sign process and by providing an on-board 
integrated test system so that the unit could 
be priced at rock bottom. 

Other complications included surface- 
mounting all components, designing the unit 
with digital rather than analog circuitry, and 
meeting military specifications for low elec- 
tromagnetic emissions. Often, these re- 


Main 
enclosure 


Main 
circuit 


board Front 


panel 





Display 
section 








quirements were at odds with one another. 

For example, a circuit engineer had just 
revised a critical digital circuit to boost its 
performance. The team’s electromagnetic 
compatibility engineer tested the circuit and 
found that it radiated strongly. The two en- 
gineers working together found a solution. 
Without concurrent engineering, however, 
the problem would not have been recognized 
until much later, when it was time to test the 
circuit. By then, the circuit would have been 
committed to hardware, and circuit board 
masks would have been designed and fabri- 
cated. Undoing these preparations for manu- 
facturing would have resulted in a waste of 
time and money. 

The net result of our CE is that we 
produced the oscilloscope at the price we 
aimed for. Our cooperative effort made it 
possible to package the components in just 
a few modules that can be assembled into 
a complete unit in less than 18 minutes. 

As in our development of the 54600 os- 
cilloscope, the first step in any of our CE 
projects is to organize people from all sec- 
tions of the division into project management 
teams under the leadership of the R&D proj- 
ect manager. Some team members are as- 
signed to a project on a full-time basis, and 
others are assigned to several teams at once. 

Usually, marketing and R&D start out the 
process by defining what the product should 
be. Manufacturing and reliability engineers 
join in when early implementation decisions 
are being made. To select sources and tech- 
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The concurrently engineered 54600 digitizing oscilloscope comprises only a few modules, all 
designed for fast assembly to keep manufacturing costs low. The pouch rests on the main en- 
closure and holds probes, cables, and the user’s manual for the instrument. 
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nologies, purchasing and materials engineers 
come on board, while accounting provides 
cost and investment information as ap- 
propriate. 

At one point in our evolving concurrent 

engineering, we called ourselves spider web 
teams since our goal was to catch all defects 
in production and the field and eliminate 
them. We had by then established total qual- 
ity management (TQM), and drew service 
engineers into our teams because of their 
closeness to customers. 
KEEPING PART-TIMERS CURRENT. One of the 
difficult things about applying CE to small 
projects is ensuring that part-time team 
members are productive on other projects 
when the team does not require their ser- 
vices, but that they are immediately avail- 
able when their services are needed. 

For example, a typical small project might 
need two to five design engineers full- 
time, half of a production engineer, one- 
third of a quality engineer, 10 percent 
of a buyer, 20-40 percent of a materi- 
als engineer, 10 percent of a cost ac- 
countant, 10 percent of an electromag- 
netic compatibility (EMC) engineer, 
and so on. A problem can occur if the 
project manager fails to recognize the 
need for the part-timers’ help at the ap- 
propriate time, or if the part-timers are 
not fully aware of the latest issues when 
they are called on for help. There is a 
danger, too, that part-timers may be- 
come engrossed in certain projects, to the 
neglect of their other projects. 

Early on, the group at Colorado Springs 
found a way to handle this problem. The 
trick is to include part-time members in all 
team-building activities at the outset, to in- 
vite them to all project management team 
meetings as the project progresses, and to 
make sure they receive copies of all project 
memos—electronic or paper. At Colorado 
Springs, part-timers are expected to main- 
tain a level of currency with all their proj- 
ects so that they can answer questions and 
make suggestions almost instantly. 

Of course, safety engineers and EMC en- 
gineers are spread more thinly than others. 
Since they may work on as many as 12 proj- 
ects at once, they can hardly be expected to 
attend a dozen team meetings a week. This 
means the project manager has to work es- 
pecially closely with these people to keep 
them up-to-date and to alert them to meet- 
ings of particular importance to them. Agen- 
das should be distributed several days be- 
fore meetings so the multiproject engineers 
can decide which of them to attend. 

HOW NOT TO ENGINEER. All this contrasts 
sharply with the author’s experience in se- 
quential engineering days, before joining 
Hewlett-Packard. As a design engineer for 
a large, well-managed manufacturer of elec- 
trical and electronic products, I learned of 
anew product only when marketing gave me 
a complete product specification. My col- 
leagues and I proceeded on our own to de- 





sign the product according to our interpre- 
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tation of the specification. Then we 
negotiated changes with marketing, usual- 
ly in an adversary relationship rather than 
in a spirit of cooperation. 

Our design was then turned over to 
preproduction engineers, who modified the 
product to accommodate their manufactur- 
ing processes—also after much wrangling 
and haggling from us designers. Preproduc- 
tion engineering handed off its work— 
including production tooling—to the produc- 
tion manager, and further conflict ensued as 
the design was adapted to the realities of 
production. Clearly, this is a time-consuming 
and wasteful way to develop a product. 

Incidentally, the Colorado Springs Divi- 
sion uses many computer-based tools, large- 
ly Hewlett-Packard—developed, in its con- 
current engineering. Their functions include 
schematic capture, printed-circuit layout, 





analog circuit simulation, three-dimensional 
mechanical design, and managing and trans- 
porting design files and materials lists. 
These tools are linked electronically to 
machine tools, board fabrication equipment, 
automatic component assembly machines, 
and board-level test equipment. All of them 
help us do our jobs more efficiently, though 
none of them is required for concurrent de- 
sign. All that is required for CE is people 
working together. 
ABOUT THE AUTHOR. Roy Wheeler is manag- 
er of product quality engineering at Hewlett- 
Packard Co.’s Colorado Springs Division. He 
was previously a circuit design project man- 
ager for the company. He has a BSEE from 
the University of Illinois, Champaign- 
Urbana. 


Case history 2: Cisco Systems 


Ingredients for a booming 
Start-up: collaboration, 
communications, consensus 


Just another Silicon Valley start-up in 1984, 
Cisco Systems Inc. has undergone dramat- 
ic growth, much of it attributable to concur- 
rent engineering (CE). Revenues jumped 
from US $27 million in 1989—when this ap- 
proach was first adopted—to $70 million in 
1990. In the first half of 1991 alone, the com- 
pany logged sales of more than $76 million. 
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Cisco makes multimedia and multiprotocol 
internetworking products: routers, bridges, 
terminal servers, and network managers for 
wide-area networks that link geographical- 
ly dispersed local-area networks. 

In the early days, the manufacturing 
department was never involved in the prod- 
uct design process. Only after the engineer- 
ing department had delivered prototypes to 
a customer was the product handed off to 
manufacturing. 

By 1989, it was clear that engineering’s 
“toss it over the wall’’ practices could not 
continue. Problems were cropping up that 
were clearly caused by poor communication: 
achip did not meet its specifications; yields 
were low on certain circuit boards; and field 
failures were cropping up. 

At first, weekly review meetings were set 
up for engineering, manufacturing, and sales 
to address concerns like these. 
(Though the meetings were scheduled 
only when problems occurred, they 
were the genesis of CE at Cisco.) Good 
results were seen almost immediately. 

Weekly review meetings helped cut 

the cost of a multiport communications 
interface (MCI) card providing up to 
two Ethernet connections and two seri- 
al connections. Even when an order 
called for only one or two interfaces, 
the MCI card was always stuffed with 
four because engineering had devel- 
oped no way to test a less-than-fully- 
populated card. The cost of components and 
assembly was far higher than it had to be. 
Manufacturing therefore asked engineering 
to develop tests for cards with one to four 
interfaces, which was done. 
COSTS OUT OF HAND. Another headache was 
a serial communications chip on the MCI’ 
card. The chip sometimes produced an error 
when it handled odd-sized data packets. 
Costs got out of hand because the chip had 
to be ordered in extra-large quantities to en- 
sure an adequate supply of good parts. Cisco 
engineering and manufacturing, through the 
weekly review meetings, worked with the 
vendor and a consultant to modify the chip 
until the problem was solved. 

Then there was the manufacturing ‘‘bone 
pile’’—the stack of circuit cards that had 
failed tests during manufacture. Engineer- 
ing had created only meager diagnostic tests 
for these rejects. As a result, manufactur- 
ing could not find the cause of many of the 
failures and could not correct them—and the 
bone pile got bigger. At the weekly review 
meetings, engineering agreed to assign di- 
agnostic programmers to manufacturing, and 
the two groups agreed to work together to 
select vendors in hope of securing better- 
qualified parts. 

By late 1989, the groups had resolved to 
collaborate in true CE style to anticipate 
problems and avoid delays and bottlenecks. 

Cisco at the time was designing its most 
complex product yet, a dual-bus internet- 
work router for a high-speed fiber distribut- 
ed data interface (FDDI). But even though 
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Multiprotocol router and bridge 
was the manufacturer’s first fully 
concurrently engineered product. 
The product team was able to 
shrink the electronics onto a single 
circuit board. Manufacturing 
joined in development from the time 
the unit was just a marketing idea. 


development was well under way, 
manufacturing had not yet start- 
ed to gear up to produce it—and 
it was very different in construc- 
tion from earlier products. With 
the new cooperative relationship, 
manufacturing was to become in- 
volved at the prototype stage at 
the latest, well before any ship- 
ments to customers. 

GOING TO BAT. However, the 
manufacturing group was tradi- 
tionally understaffed at Cisco. En- 
gineering took up manufacturing’s 
cause and insisted that manage- 
ment hire the manufacturing tal- 
ent needed. 

For the first time, manufactur- 
ing engineers worked full time with hard- 
ware and software engineers; they helped 
to debug card designs and write diagnostic 
tests, for example. One manufacturing en- 
gineer even became a ‘‘star’’ by suggest- 
ing a way to make the unit much easier to 
manufacture and test. This experience con- 
vinced Cisco engineers that early coopera- 
tion paid dividends. 

The first FDDI router was shipped to a 
customer on schedule in May 1990. The 
board test time was 40 minutes—it would 
have been at least 60 minutes without CE. 
The test time has since been reduced to 20 
minutes. 

Cisco’s first opportunity to implement CE 
at the very beginning of a product’s life came 
in December 1989, when work started on 
an integrated gateway server (IGS), the first 
product to shrink a router onto a single cir- 
cuit board. 

Manufacturing proposed ways to reduce 
the number of parts and suggested compo- 
nent types that would make the IGS easier 
to build and cheaper. For example, they sug- 
gested that the power subsystem be 
designed as a single unit to speed testing. 
They showed how the number of fasteners 
could be reduced by 70 percent. They drew 
from their experience to recommend against 
using certain parts that can be broken easi- 
ly, even though they might be preferable 
from an engineering standpoint; for exam- 
ple, a connector that extended higher than 
other components on an earlier interface 
card had provoked customer complaints 
about breakage. And they made sure their 
colleagues from engineering understood the 
pitfalls of choosing components available 
from only one supplier. This was the first 
time that such issues were addressed at the 
outset, not after a design was finished and 
problems were already surfacing. 
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MYSTERY TOPICS. Today, Cisco still has its 
weekly review meetings. But now every 
new product at Cisco is guided by a team 
whose members come from many groups: 
hardware and software engineering, manu- 
facturing, customer engineering, marketing, 
and business development. Each member 
is involved in every stage of the product 
cycle. Today, active engineering problems 
seldom arise; they are avoided by teamwork 
and forethought. The weekly team gather- 
ings are more likely to review the team’s 
progress and consider an occasional ‘‘mys- 
tery’’ topic—why, for example, does a 
power supply that works in the United States 
fail in Australia, even though its specifica- 
tions were developed for both places. 

ABOUT THE AUTHOR. Robert W. Burnett is 
vice president, engineering, at Cisco Sys- 
tems Inc., Menlo Park, Calif. Before he 
joined Cisco in April 1989, he was program 
manager for digital branch exchanges at IBM 
Corp.’s Rolm subsidiary. He has a B.S. in 
psychology from Stanford University, 
California, and an MBA from Golden Gate 
University, San Francisco. Sd 


Large-scale projects: 
developing Patriot missiles 
and other big systems 


It was the mid-’80s when Raytheon Inc. 
began moving toward concurrent engineer- 
ing (CE) in its Government Group, produc- 
er of such systems as the Patriot air defense 
missile system. The far-reaching CE en- 
vironment, now serving about 400 worksta- 
tions at the Lexington, Mass., headquarters 
and throughout New England, has resulted 
in many changes. 











For the circuit designer, electri- 
cal performance is no longer of 
overriding interest. Rather, the 
goal is the best design in terms of 
total quality. By total quality is 
meant a balance of performance, 
ease of manufacture, and ease of 
support. The objectives of prod- 
uct assurance have done an about- 
turn, too—from inspection of the 
finished product to ensuring the 
quality of a design from the begin- 
ning. Doing it right the first time 
is now everyone’s goal. 

Raytheon divides its emerging 
CE environment into three parts 
[see figure]: 

e System-level design, for plan- 
ning the highest-level strategies to 
meet system performance objec- 
tives; the design is decomposed 
into subsystems, or modules, each 
with performance and supporta- 
bility objectives. 

e Module-level design, where 
the product is evolved in line with 
the goals assigned to it at the 
system level. 

e System management level, which tracks 
design flow and monitors system design ob- 
jectives. 

System-level design will be done at a 
System Concept Station now under devel- 
opment. This is a workstation with a com- 
mon user interface supporting four main 
functions: proposal management, system- 
level analysis, partitioning, and, in some 
cases, compilation of product specifica- 
tions. The concept station must capture 
the project structure as defined in the state- 
ment of work about what’s to be done, 
and link it to the design and module spe- 
cifications. 

For proposal management, the worksta- 
tion must accept a statement of work either 
as a text file or by scanning printed pages. 
It should also supply tools for organizing re- 
quirements and for electronic lookup of key 
words and sections. New work requirements 
have to be matched with subsystems of 
previous projects and links established to re- 
trieve pertinent past data, useful for tradeoff 
studies and preliminary costing. 

This past data will be stored in a database 

alongside the system design data and infor- 
mation on not only why the original data was 
selected, but how and why it may have been 
reinterpreted. Similarly, new analytical 
results will be linked to the statement of 
work and a tally maintained of requirements 
that have been met. 
SYSTEM-LEVEL ANALYSIS. Analyses are per- 
formed by a collection of programs being put 
under a common user interface. The frame- 
work is currently being architected to inter- 
face new programs with relative ease. As a 
rule of thumb, it should be possible to link 
a new program to the system in less time 
than it would take to train all the users in the 
program’s original interface. 


Cisco Systems Inc. 
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Raytheon uses life cycle cost modeling to 
estimate how much a system will cost the 
customer from concept through deployment 
and maintenance. Some of the life-cycle cost 
programs in use come from customers; 
others are developed in-house. The former 
include the General Electric Co. GE-Price 
model and the Navy FLEX 10 model. The 
GE model has served mostly to calibrate the 
database model. The FLEX model calculates 
design, production, and logistics- 
related costs for items like spares and 
training. The goal is to support why a 
particular design is best. 

Cost models may start out as proj- 
ections from experience with older sys- 
tems. For example, if a new missile 
most resembles a Phoenix missile, then 
analogous parametric Phoenix costs be- 
come the basis for default data in the 
cost models. As new data is developed, 
it is inserted instead, improving the 
model’s accuracy. 

PARTITIONING. Partitioning a system 
breaks it down into a tree-like structure of 
successive sublevels, or subsystems, defin- 
ing relationships between components. De- 
sign goals are assigned at each level of the 
hierarchy—for example, a reliability budget 
to ensure that the total systems reliability 
will meet the goal of the statement of work. 

Several types of analysis are done to con- 
firm that individual budgets are reasonable 
and that the overall systems objectives can 
be reached. The database captures the par- 
titioned data, including the budgeted 
parameters, and stores where the require- 
ments originated. The data is then annotat- 
ed with scheduling and management data 
and placed under configuration control. 








With the system definition complete, 
descriptions of what each subsystem must 
do are passed to individual designers. Writ- 
ing this as a specification in English text runs 
into inherent ambiguities. So Raytheon is 
working with i-Logix Inc., Burlington, 
Mass., on expanding the formal modeling 
capabilities of that company’s StateMate 
program for specifying a product’s external 
behavior. The upshot is a combination of un- 





ambiguous state charts and functional flow 
and architectural diagrams whose perfor- 
mance can be simulated and compared to the 
system objectives. 

Raytheon and i-Logix have also been 
working together on perfecting the State- 
Mate VHDL generator called Express 
VHDL. (VHDL stands for VHSIC hardware 
description language, VHSIC for very high- 
speed IC.) VHDL is used to define digital 
subsystem architecture and associated sys- 
tem test. Digital designers can then execute 
the VHDL specs and check if their im- 
plementation works. 

MODULE-LEVEL DESIGN. For the module-level 
design, Raytheon has an integrated set of 





printed-circuit board design/analysis tools 
under a common framework called Rapids 
(for Raytheon automated placement and in- 
terconnect design system). This system ex- 
ecutes on the same Apollo/Hewlett-Packard 
platforms used for Raytheon’s standard 
schematic/simulation system (from Mentor 
Graphics Corp., Beaverton, Ore.), and PC- 
board layout system (Visula from Racal- 
Redac Inc., Westford, Mass.). 

The Rapids tool set mixes Raytheon 
proprietary and commercial programs 
to provide a CE environment for the de- 
signer. The system’s appeal lies in its 
ability to develop logical approximations 
of design analysis data from parameters 
it obtains by analyzing the database. 

For example, it can derive a very ac- 
curate estimate of the number of rout- 
ing layers from only an initial netlist or 
a generic parts list along with physical 
features, including board boundaries. It 
can then use the estimate to show the 
designer how to improve manufactur- 
ing yield/cost drivers. 

Commercial systems, in contrast, tend to 
insist on complete data sets. They can sel- 
dom estimate data that in a serial design ap- 
proach is normally derived later. This dis- 
tinction is critical: without this capability, it 
would be impossible to improve the design 
decisions that are made in the first 10 per- 
cent of the design cycle but determine up 
to 80 percent of the final cost. 
OPTIMIZING MANUFACTURE. One major 
Rapids module fits components on boards 
and trades off the total number, size, and 
complexity of boards needed for a system 
against manufacturing cost and yield con- 
siderations. This module works with a rout- 
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ing density analysis module to derive 
preliminary input for the Manufacturing Op- 
timization Support System (MOSS). 

MOSS’s intent is to break the wasteful, 
recurring cycle of engineering change orders 
that result because of problems discovered 
during manufacture. For example, a design 
with small mounting pads may have poor 
yield because through-holes cannot be 
drilled accurately enough. Some holes may 
break the rim of the pad. However, enlarg- 
ing the pads may further degrade yields if 
board density is so high that pad-to-line spac- 
ing causes shorts. 

MOSS addresses such problems by estab- 
lishing a model of the manufacturing process 
and its yield factors in relation to design 
parameters. MOSS checks out designs 
based on the very latest manufacturing 
parameters and design rules. It shares these 
with the system for estimating manufactur- 
ing costs and with a totally automated pro- 
cess control system. Linking these three 
systems with a common set of rules ensures 
that design analysis will always track the ex- 
perience in the factory. MOSS also checks 
insertion machine clearances during compo- 
nent placement against the gripper sizes and 
shapes in the Raytheon factory that will build 
the part. This is a significant design-rule 
checking feature that is poorly supported in 
commercial layout systems. 

Once the design is judged free of assem- 
bly errors, MOSS encourages design-for- 
manufacture tradeoffs. Both engineering- 
and manufacturing-related parameters 
can be varied to produce a spreadsheet 
list of product parameters versus cost 
and yield. There is also an expert sys- 
tem that can make suggestions for im- 
proving a design based on information 
captured from manufacturing experts. 

Other analysis programs in Rapids 
feed back data to the designer as early 
in the design cycle as possible. One 
program handles thermal calculations 
that perform analyses much faster than 
a separate analysis team could. Al- 
though only approximations, these results 
are suitable for evaluating the quality of com- 
ponent placement. With the results immedi- 
ately available, the board’s thermal charac- 
teristics can have much more influence on 
where components are placed. 

Another Rapids program conducts board- 
level reliability analyses based on Mil- 
HDBK-217 even before a board’s thermal 
characteristics are fully known or linked to 
the placement thermal analysis. A third pro- 
gram performs critical signal analysis that 
automates the early detection of possible 
problems caused by path routes. The sys- 
tem can scan all paths, evaluating, say, stub 
lengths and the closeness of one signal to 
another, using rules customized for each 
class of signal on the board (that is, clock sig- 
nal lines can have different rules than data 
buses). The signals can be assigned to class- 
es during schematic capture and simulation, 
typically on systems from Mentor Graphics 
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or Data I/O Corp., Redmond, Wash. 
Rules for the classes can be obtained from 
a file shared by all boards on a project or 
modified for particular boards. These rules 
are translated to drive any of the automat- 
ed routing systems used at Raytheon. Vio- 
lations of the rules during routing are dis- 
played graphically. Signals needing further 
study can be selected graphically on the 
screen, sent directly to Raytheon’s version 
of Berkeley Spice for analysis, and the 
resulting graphs displayed on the screen. 
SYSTEM MANAGEMENT ENVIRONMENT. Al- 
though defined as a separate system, the Sys- 
tem Management Environment is really an 
extension of the System Level Design Envi- 
ronment and its System Concept Station. 
This module, currently at the concept spe- 
cification stage, monitors schedules and de- 
sign goal budgets set by the concept environ- 
ment. It can also allow system-level design 
managers to make tradeoffs when individu- 
al modules fall short of their budgeted goals. 
To do this, it manages the subsystem hi- 
erarchical tree generated during the system 
partitioning along with the design goal for 
each module. It allows the system-level 
manager to permit a particular module to ex- 
ceed an assigned goal by determining at all 
levels of the system hierarchy if other mod- 
ules can offset the problem. For example, 
if one type of module is consuming more 
power than budgeted, the system would au- 
tomatically check to see if there was enough 





reserve power because other modules used 
less power than budgeted. a 

Described by Jim Babish, Curtis Barton, and Joe 
Wong of the Missile Systems Division in Raytheon’s 
Electronic Progress magazine (January 1990, p. 26), 
Raytheon’s concurrent engineering approach is up- 


dated in this article. —Alfred Rosenblatt 


Case history 4: ITEK Optical Systems 


Making the one-of-a-kind 
type of product work 
right the first time 


Even a company making one-of-a-kind items 
finds value in concurrent engineering (CE). 
This is the case at ITEK Optical Systems, a 
division of Litton Systems Inc. in Lexington, 
Mass., making high-tech optical and electro- 
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optical products. The R&D company is an 
outgrowth of Boston University’s Physical 
Research Laboratory. In the ’70s it was 
building such systems as the cameras for the 
Viking Lander on Mars. 

Currently, Itek is under contract to the 
California Association for Research in As- 
tronomy and is developing and producing the 
primary mirror segments for the world’s 
largest astronomical telescope at the W.M. 
Keck Observatory in Hawaii. This key proj- 
ect—producing 36 hexagonal glass seg- 
ments, each 1200 pounds in weight and 1.8 
meters across, for the 10-meter-diameter 
mirror—represents a big production run for 
Itek and several years’ work, pointed out 
Fausto E. Molinet, assistant director for total 
quality management. 

Itek’s adoption of total quality manage- 
ment and concurrent engineering was part 
of a move Litton made in its divisions about 
three years ago to create an atmosphere of 
change and to improve operations. 

““Many believed that process improve- 
ments developed with CE are of greatest 
benefit to high-volume manufacturers,’’ said 
Molinet. ‘‘At first we thought that CE didn’t 
apply to us because we would all be retired 
by the time we could figure out how to im- 
prove our processes.”’ 

But because Itek gets only one chance at 
making its products, it knew its processes 
should be improved. ‘‘We’re in big trouble if 
we break a very expensive piece of glass 
while we’re tooling it,’’ said Molinet. 
“‘We must make sure that doesn’t 
happen.”’ 

Itek decided to try CE by focusing 
on the teamwork aspects of design. 
The company began by involving many 
disciplines in the early stages of the de- 
sign process. 

At design management reviews the 
kinds of functions represented were ex- 
panded. ‘‘Before, an engineer doing a 
mechanical design may only have had 
the program and configuration 
managers and head of drafting at a de- 
sign reviaw,’’ said Molinet. ‘‘Now we’ll 
have a thermal designer and a contamina- 
tion guy there, too.’’ 

The teams also found many more things 
to consider earlier in the design phase. Addi- 
tional people were brought in whose expertise 
had only secondary or tertiary influence. 
The yardstick became that whatever had to 
be considered for manufacture had to be 
reflected in decisions made during design. 

The company also set up careful reviews 
of all aspects of its design and manufactur- 
ing process, including the operational read- 
iness of the machinery to be used. The read- 
iness reviews were critical to ensuring that 
a tool, for example, would not push down an 
extra eighth of an inch and break the glass. 

Once selected, the people on a project 
team cover lots of ground—from mechani- 
cal engineering to glass machining, from 
thermal analysis, drafting, and configuration 
management to software engineering, 
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design and manufacturing functions. 


designing programs for numerically con- 
trolled machines, and marketing. ‘‘Our ob- 
ject is to break down the barriers between 
the functions,’’ said Molinet. ‘‘We all look 
at what we’re doing as a continuous process, 
with each function providing inputs and lots 
of feedback loops.’’ 

When some people are not working on a 
major project, they work together on mul- 
tifunctional teams to tackle problems as- 
sociated with some facet of the business. In- 
cluded are such areas as publications, 
security, and administration. Regular meet- 
ings are also held with top management. 
Though the teams try to change things them- 
selves, they occasionally need a blessing from 
the top. That blessing may also come with 
a check for such things as a new computer. 
PAYBACKS. One major team effort focused on 
the design-and-build documentation handed 
off to manufacturing, according to Molinet. 
The team explored what it could do to im- 
prove the process. First it looked at histori- 
cal data: engineering change orders were 
counted and studied to decide what caused 
any difficulties. Was it a lack of information 
or did a supplier fail to deliver what was 
promised? The goals: fewer change orders, 
fewer rejects, and less rework. 

“‘Also, by exchanging ideas, and in the pro- 
cess describing their own functions better, 
we created a new level of understanding 
among the people on the team,’’ said Moli- 
net. ‘‘Each person took this understanding 
back to [his or her] functional groups, and 
things they knew to be good started hap- 
pening.’’ 

For instance, Molinet recalled how the 
maintenance people found they needed to 
know more about a new building’s construc- 
tion so they could do a better job of clean- 
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The design and manufacture of products like this 50-kg, 1.5-meter-diameter ‘flat mirror made 
of fused silica relies on a concurrent engineering approach taken by I TEK Optical Systems. 
The rib structure is visible because the reflective aluminum coating has not yet been applied. 
The need to balance strength, rigidity, and light weight requires a strong interaction between 


ing. Less dust and dirt was left to get into 
the tooling and scratch the glass. 

But Itek also realized that the transfer of 

“‘good things’’ through the company was 
done largely by osmosis. It was necessary 
for that transfer to be accomplished on a 
more formal basis. Thus, work is now under 
way on a training program for many 
functions—designers, draftsmen, engineers, 
program managers, and manufacturing and 
maintenance personnel. 
FAST TEAM RAMP-UP. After about 114 years, 
Itek had only four teams considering general 
business problems. But once the company 
realized what the teams were accomplish- 
ing, that number was ramped up rapidly to 
23 in the last year or so. The teams repre- 
sent a third of the 500 employees. 

Teams should include at least five people, 
noted Molinet. Otherwise, there may not be 
a quorum at meetings and ‘‘one or two peo- 
ple could drive the result, which we don’t 
want,’’ he said. 

This year Molinet hopes to develop quan- 
titative measures of the teams’ successes. 
Those would be useful to management, he 
continued, but they would also help show 
the people involved that they are on the right 
track. 

Right now, the feeling is that things are 
being done better with CE. Some activi- 
ties—like putting a reflective coating on a 
new glass shape—are wrapped up on the 
first pass and ‘‘we couldn’t do that before,’’ 
said Molinet. ‘‘We can’t always point to 
specific reasons for this. It could be the re- 
sult of our reviews, or the care taken by the 
person doing the work, or a better design 
effort.’ But the results have already 
polished up the bottom line. ‘‘Productivity 
has improved dramatically,’ he said. 
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Author Sammy G. Shina expands his introduc- 
tion to concurrent engineering in his book Con- 
current Engineering and DFM for Electronic 
Products (Van Nostrand Reinhold, New York, 
1991). Author Jon Turino covers both manage- 
ment and technical aspects of the subject in 
Concurrent Engineering (Logical Solutions Tech- 
nology, Campbell, Calif., 1991). Turino’s book De- 
sign for Test (Van Nostrand Reinhold, 1990) pro- 
vides guidelines for testability and includes 
information on software and documentation re- 
quirements. 

IEEE Spectrum's editors review methods from 
around the world on how to shorten time to mar- 
ket in ‘Managing to be competitive in a global 
context,” a special issue on research and de- 
velopment, October 1990. 

In Design for Manutacturability (CIM Press, 
Lafayette, Calif., 1990), David M. Anderson offers 
guidelines for designers in a concurrent en- 
gineering environment. William G. Beazley, in The 
Contractor's Guide to CALS and Concurrent En- 
gineering (Pasha Publications, Arlington, Va., 
1991), answers questions about compliance with 
the Department of Defense's computer-aided ac- 
quisition and logistics support (CALS) re- 
quirements. 

IEEE Design and Test of Computers Magazine 
published a special issue on concurrent en- 
gineering in March. For copies, call 800-272- 
6657. Computer Design News presents month- 
ly case histories of successful implementations. 
For more information about these articles, call 
508-692-0525. 

The Institute for Defense Analyses, Alexandria, 
Va., documented its landmark study for the U.S. 
Department of Defense in “The Role of Concur- 
rent Engineering in Weapons Systems Acquisi- 
tion’ (IDA report R-338, 1988). Contact the in- 
stitute at 703-325-9634. 

For subscriptions to CERCnet, the Concurrent 
Engineering Research Center's electronic infor- 
mation repository, contact the center at Drawer 
2000, West Virginia University, Morgantown, 
W. Va. 26506; 302-293-7226: e-mail, jfs@cerc. 
wvuwvnetedu. CERC Outlook, a bimonthly 
newsletter that details current activities, is avail- 
able from the same address. CERC cosponsored 
the Third National Symposium on Concurrent 
Engineering, June 10-14, in Washington, D.C. 

The books by Ishikawa and Taguchi remain 
among the best sources of information about 
their methods: Guide to Quality Control, by Kaoru 
Ishikawa (1982), and /ntroduction to Quality En- 
gineering, by Genichi Taguchi (1986). Published 
by the Asian Productivity Organization, both are 
available from Quality Resources, White Plains, 
NY. 10601; 914-761-9600. 

The Harvard Business Review recently pub- 
lished overviews of two key design-optimization 
methods: ‘‘The House of Quality” by John R. 
Hauser and Don Clausing, May-June 1988, re- 
print 88307, and ‘Robust Quality’’ by Genichi 
Taguchi and Don Clausing, January-February 
1990, reprint 90114. Both are introductory treat- 
ments for management, and contain example 





applications. For copies, call 617-495-6800. 
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APPLICATIONS/COMPUTERS 


Selecting math coprocessors 


Hardware and software 
compatibility, accuracy, 
and power consumption 
should be considered along 
with price and performance 


oday’s personal computers 
are built with central pro- 
cessing units (CPUs) that 
typically provide hardware 
support for only integer 
arithmetic. How then do 
PC-based applications such 
as spreadsheet packages 
carry out computations involving real, or 
floating-point, numbers? One solution is to 
include in every application some software 
subroutines for performing addition and 
other common operations on floating-point 
numbers. A speedier alternative is to equip 
the PC with a math coprocessor, which ex- 
tends the architecture of the CPU by sup- 
plying hardware support for floating-point 
arithmetic. 

Most math coprocessors are optional 
peripherals that are installed inside the 
PC. However, there is more to using 
one than simply plugging it into the 
computer. The would-be buyer of any 
math coprocessor should first answer 
the questions: is it compatible with the 
CPU? Is there an appropriate socket in 
the computer for the math copro- 
cessor? Is it approved for use with an 
application by the software vendor? 

The focus here is on math copro- 
cessors for the Intel 80386 (386) CPUs 
found in IBM-compatible PCs and the 
Motorola 68030 (030) CPUs found in 
Apple Macintosh II PCs. (But note that 
the most recent products from Intel 
Corp., Santa Clara, Calif., the i486, and 
Motorola Inc., Schaumburg, Ill., the 
68040, integrate the CPU and the math 
coprocessor on one and the same chip.) 
COMPUTER ARITHMETIC. Consider a program 
that uses the amortization formula to com- 
pute the size of the payment needed to 
amortize a loan by equal periodic amounts 
at a given interest rate per period. How does 
this program run on 386- or 030-based com- 
puters with hardware support only for in- 
teger arithmetic? 

One technique, known as fixed-point 
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arithmetic, represents each real number by 
a single integer. Using this technique, a 
programmer multiplies each piece of input 
data, intermediate result, and output data by 
scale factors so that they can be approximat- 
ed by ‘‘reasonable’’ integers. ‘‘Reasonable’’ 
refers to the fact that the 386 and 030 CPUs 
provide hardware-supported integer arith- 
metic for numbers to 4 294 967 295 only— 
that is, 32-bit binary integers. 

For use by homeowners, an appropriate 
scaling might be to measure dollar values as 
integer multiples of a penny, periods as in- 
teger multiples of months, and interest rates 
as integer multiples of 1 percent per year. 
For use by the Federal government, a suit- 
able scaling might be to measure dollar 
values, periods, and interest rates in integer 
multiples of US $1000, days, and 0.01 per- 
cent per day, respectively. Every time the 
scaling of the parameters changes, howev- 
er, the formula used to compute the payment 
changes, and so does the program derived 
from the formula. 

To avoid constantly rewriting programs, 
programmers have turned to floating-point 
arithmetic, in which the scaling is incorpo- 





- Math - coprocessors 
enable personal — 
~ computers. to run 





| ~ simulation, design, and 
data analysis packages 
: used by engineers | oF 





: Scientists 


rated not into the formula, but rather into the 
numbers that appear in the formula. 

Many textbooks in computer science de- 
scribe the floating-point representation of 
numbers (as values between 1 and 10, times 
a power of 10) and present algorithms that 
use a CPU’s shift and integer arithmetic in- 
structions to carry out floating-point arith- 
metic. A math coprocessor speeds this kind 
of computation by implementing in hardware 
the algorithms that carry out floating-point 
arithmetic. 
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The introduction of math coprocessors 
enabled PCs to effectively run floating- 
point-intensive applications. These applica- 
tions include simulation, design, and data 
analysis packages used by scientists and en- 
gineers, as well as two of the most common 
PC-based applications, spreadsheets and 
desktop publishing. 

Heavy use of a math coprocessor occurs 
when a spreadsheet carries out WHAT-IF 
analyses. Such analyses usually correspond 
to optimization problems that are solved by 
algorithms that repetitively carry out a par- 
ticular sequence of floating-point operations. 

Desktop publishing applications often use 

page description languages (PDLs) to de- 
scribe their output. Many PDLs, like Post- 
Script from Adobe Systems Inc., Mountain 
View, Calif., are sophisticated graphical ap- 
plications tailored to the description of print- 
ed or displayed text and graphics. Like many 
graphical applications, PDLs use mathemat- 
ically defined line segments and arcs to form 
text characters and other graphic images. A 
math coprocessor speeds the mathematical 
calculations that determine which pixels on 
the screen, or which dots on the printer, 
should be used to depict line segments 
and arcs. For example, Custom Appli- 
cations Inc., Billerica, Mass., markets 
a package, called Freedom of Press, 
which allows PostScript output to be 
produced on non-PostScript output 
devices. A math coprocessor typically 
speeds Freedom of Press execution by 
25-150 percent. 
MORE USES. Math coprocessors are re- 
quired by many PC-based applications 
used by scientists and engineers. 
These packages include AutoCAD, a 
popular computer-aided design pack- 
age marketed by Autodesk Inc., 
Sausalito, Calif., and Prime Factor 
FFT, a digital signal analysis package 
sold by Alligator Technologies Inc., 
Fountain Valley, Calif. 

3D Studio, a multimedia application 
marketed by Autodesk, allows users to cre- 
ate and render three-dimensional models of 
a scene. The goal of the rendering process 
is to produce an image of the scene compara- 
ble to a photograph in quality. Properly ac- 
counting for the sources of light, casting of 
shadows, surface textures and reflection or 
transmission properties of the objects in the 
scene is a very computationally intensive 
task that becomes feasible on a PC only 
when the machine is equipped with a math 
coprocessor. 
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There are two basic types of math copro- 
cessors available today: standard and mem- 
ory-mapped. 

The standard type seamlessly augments 
the functionality of the CPU. First, floating- 
point instructions for standard math copro- 
cessors are included among the instructions 
recognized by the CPU. Second, when the 
CPU recognizes a floating-point instruction 
in its instruction stream, it can decide wheth- 
er a standard math coprocessor or an emu- 
lator is to be used to execute the instruction. 

How can the 386 make this decision? The 
386 has an emulate (EM) bit that indicates 
whether or not a standard math coprocessor 
is installed. If the EM bit is clear, indicating 
that a standard math coprocessor is installed, 
the 386 sends any floating-point instruction 
it encounters to the coprocessor for execu- 
tion. If the EM bit is set, which indicates that 
a standard math coprocessor is not installed, 
then the 386 generates a coprocessor-not- 
available exception when it encounters a 
floating-point instruction. 

The occurrence of this exception forces 
the 386 to pause execution of the program 
that contains the floating-point instruction 
and to switch control to an exception han- 
dler. This exception handler is simply an 
emulator whose task is to compute, using 
non-floating-point instructions, the result 
that would have been returned by a standard 
math coprocessor. After the exception han- 
dler finishes its task, execution of the pro- 
gram is resumed at the point immediately 
following the floating-point instruction that 


Digital ChoreoGraphics 


A math coprocessor helps draw the space shuttle in proper perspective and lighting in one-third 
the time of a software emulation. 


Characteristics of representative math coprocessors 
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OAR g Hat) ays mW Tact EG Add wy 
Cyrix 8387 | Intel 386SX Std. 350, | US $596" | 5,0, 0E 19 19 27 15 83 63 87 
typ. 20 MHz 
Cyrix 83D87 | Intel 386DX Std. 500 $994 S,D,DE 15 19 27 75 83 63 87 
typ. 33 MHz i 
ee 
Cyrix Intel 386DX | Std. and | 500 $994 S,D,DE 6 10 19 75 83 63 87 
EMC87 MM! typ. 33 MHz 
Intel 8087 Intel Std. 2375 $142 S,D,DE | 70-100 | 90-145 | 193-203 | 30-540 | 250-800 | 310-630 | 700-1000 
8086/8088 max. 5 MHz 
Intel Intel 80286 Std. 675 $326 S,D,DE 30-38 20-90 95 198-504 | 321-494 | 215-483 | 264-554 
80287XL max. | 12.5 MHz 
Intel 387SX | Intel 386SX Std. 1000 $550 $,D,DE 20-3) 29-57 88 191-497 | 314-487 | 211-476 | 257-547 
typ. 20 MHz 
Intel 387DX | Intel 386DX Std. 750 $994 $,D,DE 12-26 17-50 77-80 | 162-430 | 250-420 | 167-410 | 210-447 
typ. | 33 MHz el 
Intel i486 Intel i486 Std. 4500 $667 $,D,DE 8-20 16 13 200-273 | 218-303 | 140-279 | 171-326 
max. 33 MHz 
Motorola Motorola Std 750 $68 S§,D,DE 51 71 103 473 403 545 571 
68881 68020/68030 max. | 20 MHz 
Motorola Motorola Std. 750 $218 $,D, DE 56 76 108 476 406 548 574 7 
688824 68020/68030 max. | 40 MHz 
Weitek Intel 386DX MM 2363 $995 38,66 340, 298, 401, 365, 
3167 max. | 33 MHz SEM® SEM SEM SEM 
Weitek Intel i486 MM 1838 $1295 17,31 N.A.® N.A. N.A. NA. 
4167 max. | 33 MHz | 





1 MM = memory-mapped. 

2S = single-precision; D = double-precision; DE = double-precision extended (all compatible with IEEE Standard 754). 
3 For S and D formats for Weitek; otherwise for DE format. 

4 Can execute up to two floating-point instructions simultaneously. 

5 SEM = software emulation (supplied by Weitek). 

6 N.A. = not available. 
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Address bus 


Memory-mapped 
math 
coprocessor 


Computer 
memory 


Data bus 





Central Standard 
processing math 
unit coprocessor 


The floating-point instruction and data are received from the CPU sequentially by standard 
math coprocessors but in parallel by the memory-mapped coprocessors. In the first case, only 
the data bus is used; in the second, the address bus ts used to transmit the instruction. Many 
386-based PCs allow either a standard or memory-mapped math coprocessor to be installed. 


caused the exception. 

The 030 handles this situation a little 
differently. It sends all floating-point instruc- 
tions to the coprocessor socket. If it does 
not receive an acknowledgment that an in- 
struction was received, then the 030 gener- 
ates an exception. This is resolved by an ex- 
ception handler just as it would be by a 
386-based PC. 

MEMORY-MAPPED. A memory-mapped 
coprocessor assigns a unique memory ad- 
dress to each floating-point instruction. For 
example, address 1948 might correspond to 
one that adds a floating-point number to the 
contents of the coprocessor’s register 1. 





Then, whenever the coprocessor sees data 
being written to address 1948, it knows that 
it is being asked to take the number simul- 
taneously present on the data bus and add 
it to the contents of the coprocessor’s reg- 
ister 1. 

The 386 does not differentiate between 
addresses associated with memory and 
those associated with a memory-mapped 
math coprocessor. Consequently, the latter 
is seldom considered a seamless extension 
of the 386’s architecture. 

Recall that the status of a 386’s EM bit in- 
dicates whether or not a standard math 
coprocessor is installed. Unfortunately, the 
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ston, Mass., running on a 
386-based PC, indicate the 
degrees to which the addition 
of a standard or memory- 
mapped coprocessor speeds 
computation. 
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386 does not contain a bit that records 
whether or not a memory-mapped copro- 
cessor is installed. This fact makes it more 
difficult to write applications that either use 
a memory-mapped math coprocessor when 
installed or emulate one when not installed. 
COMPARISONS. Memory-mapped math 
coprocessors are rarely available for use with 
030-based PCs. But for 386-based PCs, 
compatible standard and high-performance 
memory-mapped math coprocessors are 
available. 

A simple means of measuring the perfor- 
mance of math coprocessors is to compare 
how many clock cycles each instruction 
takes to execute. For example, the Cyrix 
EMC87 adds two floating-point numbers in 
15 clock cycles when used as a standard 
math coprocessor, and in six clocks when 
used as a memory-mapped one. One reason 
for this difference is that standard math 
coprocessors must be fully synchronized 
with the CPU, and this synchronization con- 
sumes clocks not related to the execution of 
floating-point operations. A second reason 
is that the CPU passes instructions and data 
to standard math coprocessors sequential- 
ly, but to memory-mapped math copro- 
cessors in parallel—and therefore faster. 
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Another feature that distinguishes one 
math coprocessor from another is the 
programming model they offer program- 
mers. Such a model includes the floating- 
point instructions executed by the copro- 
cessor, the data types it recognizes, and the 
number and functionality of its registers. 
Standard math coprocessors for Intel-based 
PCs offer similar, but not identical, program- 
ming models to their users. For example, the 
Intel 8087 coprocessor does not recognize 
the Intel 387DX coprocessor’s instruction 
for computing the trigonometric sine. 

Memory-mapped math coprocessors for 
386-based PCs can offer very different 
programming models to their users. For ex- 
ample, the instruction set and register func- 
tionality of the 3167 from Weitek Corp., Sun- 
nyvale, Calif., differs significantly from that 
of standard math coprocessors. 

The EMC87 from Cyrix Corp., Richard- 

son, Texas, however, offers functionally 
equivalent programming models when used 
as either a standard or a memory- 
mapped math coprocessor. Most appli- 
cations written in Microsoft C, Fortran, 
Borland Turbo C, or Turbo C++ use 
only standard math coprocessors. By 
means of the code translator provided 
with the EMC87, however, it is possi- 
ble to substitute for each standard 
floating-point instruction its EMC87 
memory-mapped equivalent. 
IEEE 754. Standards encourage compe- 
tition in any field, and math copro- 
cessors are no exception. In 1985 the 
IEEE Floating-Point Working Group 
published its standard, called the 
ANSI/IEEE Standard 754-1985, for bi- 
nary floating-point arithmetic. Over 90 
people participated in the group, and 
their deliberations extended over seven 
years. 

The group’s combined experience led its 
members to consider how to eliminate or at 
least minimize many of the bad properties 
found in prior implementations of floating- 
point arithmetic. For example, manufac- 
turers often used proprietary formats to 
store floating-point numbers and did not al- 
ways return the correctly rounded result of 
common operations like addition or multipli- 
cation. The IEEE 754 Standard according- 
ly describes a programming environment 
that explicitly defines: 
¢ How floating-point numbers should be 
stored within the computer. 
¢ How floating-point numbers should be 
combined through the common operations 
of addition, subtraction, multiplication, and 
division. 

e What types of errors should be reported, 
and how they should be reported, to the ap- 
plication and its user. 

Should users care if their math copro- 
cessor adheres to the IEEE 754 Standard? 
Many of the popular PC-based applications, 
like those developed by Microsoft Corp., 
Lotus Development Corp., and Borland In- 
ternational Inc., have been designed around 
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the standard. These vendors find that a 
goodly portion of their customer support in- 
volves answering questions about floating- 
point arithmetic. This expense is reduced if 
a coprocessor adheres to the standard. First, 
these vendors can use properties of the stan- 
dard to design algorithms that are robust and 
that perform in a predictable and mathemat- 
ically precise manner. Second, if both the 
customer’s and the vendor’s coprocessors 
conform to the same standard, then it is eas- 
ier for the vendor to reproduce any problems 
encountered by its customers. 

CHOOSING MS. RIGHT. Price and performance 
of course merit consideration in choosing a 
math coprocessor. But hardware compati- 
bility, software compatibility, accuracy, and 
power consumption should not be over- 
looked. 

Hardware compatibility requires the math 
coprocessor to be compatible with the CPU. 
Furthermore, the PC must have a socket for 
the math coprocessor. Most 386 desktop 





PCs have a 121-pin socket that accepts ei- 
ther the standard or the memory-mapped 
variety. Many 386 laptop PCs, however, 
have a 68-pin coprocessor socket that ac- 
cepts only the standard kind. Finally, all 
Apple Macintosh II PCs, except the Apple 
Macintosh IIsi, have factory-installed math 
coprocessors. 

Software compatibility involves many is- 
sues. What types of math coprocessors can 
be used with the desired software 
application—only standard math copro- 
cessors or the memory-mapped type? What 
functionality does the software application 
assume the math coprocessor to possess? 
The vast majority of floating-point appli- 
cations for IBM-compatible PCs assume 
that standard math coprocessors are func- 
tionally compatible with Intel’s 387DX—that 
is, they can recognize and correctly carry 
out all 387DX-style floating-point in- 
structions. 

Accuracy considerations play a role when 
the math coprocessor carries out a lengthy 
computation. Most applications, including 
those developed with common high-level 
languages, use IEEE 754 Standard double- 
extended precision floating-point arithme- 








tic to limit the growth of error during a com- 
putation. For example, applications written 
in Microsoft’s Fortran or C or Borland’s 
Turbo Pascal or Turbo C employ double- 
extended precision arithmetic as the default 
precision of numbers stored in the math 
coprocessor’s registers. IEEE 754 Standard 
double-extended precision floating-point 
arithmetic is available on most, but not all, 
math coprocessors. 

Power consumption is important because 

heat shortens the lifetime of both the math 
coprocessor and the PC in which it is in- 
stalled. For battery-operated laptops, power 
consumed by the math coprocessor also af- 
fects how often its battery will need 
recharging. 
TO PROBE FURTHER. ‘‘Math Coprocessors’’ 
by L. Brett Glass, Byte, January 1990, 
pp. 337-48, describes in more detail the 
programming models provided by standard 
math coprocessors used with the Intel 80386 
and Motorola 68030. ‘‘Macintosh Numerics: 
An Environment for Scientific Comput- 
ing’’ by Ali Sazegari, Computers in 
Physics, July/August 1990, pp. 355-57, 
describes the SANE environment 
found on all Apple Macintosh PCs. 

The implementation in software of 
floating-point arithmetic, via shift and 
integer arithmetic instructions, can be 
found in The Art of Computer Program- 
ming, Volume 2: Seminumerical Al- 
gorithms by Donald Knuth (Addison- 
Wesley, 1981, second edition). Copies 
of the IEEE 754 Standard can be ob- 
tained from Customer Service at the 
IEEE Standards Department, 445 
Hoes Lane, Box 1331, Piscataway, N.J. 
08855-1331; 908-562-3820. 

Jerome T. Coonen’s 1984 Ph. D. the- 
sis for the University of California- 
Berkeley, titled ‘‘Contributions to a Pro- 
posed Standard for Binary Floating-Point 
Arithmetic,’’ contains many interesting 
topics related to his participation in the IEEE 
754 working group. Cyrix Corp. has ported 
one of his programs, called FPTEST, to 386- 
based PCs so that users can test the com- 
pliance of Intel 387-compatible standard 
math coprocessors with the IEEE 754 Stan- 
dard. For a free copy of this disk contact 
Cyrix Corp., Box 850118, Richardson, Texas 
75085-0118, Attn: IEEE Test Vectors. 
ABOUT THE AUTHOR. Warren E. Ferguson Jr. 
joined Cyrix Corp., Richardson, Texas, as 
a senior algorithms designer in June 1990. 
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and helped develop the algorithms used to 
compute the transcendental functions found 
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sor of mathematics at the University of Ar- 
izona, Tucson, and an associate and full 
professor of mathematics at Southern Meth- 
odist University, Dallas. He earned his B.S. 
in physics from Clarkson University, Pots- 
dam, N.Y., in 1971, and his Ph.D. in applied 
mathematics from the California Institute of 
Technology, Pasadena, in 1975. Sd 
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991 Major 
Medalists 


The IEEE honors 12 outstanding contributors 










IEEE Medal of Honor 
Leo Esaki 


4 Leo Esaki (F), an IBM Fellow at the 
Thomas J. Watson Research Center, 
'| Yorktown Heights, NY., is the recipi- 
ent of the 1991 Medal of Honor “for 
contributions to and leadership in tun- 
neling, semiconductor superlattices, 
and quantum wells.”’ The award, as 
well as the IEEE major medals to 11 
horiorees, were scheduled to have 
been presented on June 16 in San 
Francisco. 

Esaki attended the Third High 
School in Kyoto, Japan, and ae 
in physics at the University of Tokyo. 
He joined Sony Corp., where he dis- 
covered the frst quantum electronic device, the tunnel diode, in 1957. 
That work also earned him a Ph.D. in physics and the 1973 Nobel Prize 
in physics. 

In 1960 Esaki joined the Thomas J. Watson Research Center. Much 
of his research work there has centered on man-made semiconductor 
structures such as superlattices and quantum wells. Many electron- 
transport and optoelectric devices have been based on the discoveries 
made in this field. 

Esaki visits his homeland regularly and serves as a director of IBM- 
Japan and the Yamada Science Foundation. He is also a member of 
the Japan Academy and an adjunct professor of Waseda University. 








IEEE Edison Medal 
John L. Moll 


John L, Moll (LF), associate director of the Su- 
perconductivity Laboratory, Hewlett-Packard 
Laboratories, Palo Alto, Calif., has been award- 
ed the Edison Medal ‘‘for pioneering contri- 
butions to diffused and oxide-masked silicon 
devices, transistor analysis, the p-n-p-n switch, 
and optoelectronics.” 

As a result of Moll’s work at Bell Telephone 
Laboratories from 1952 to 1958, silicon was 
identified as the most appropriate available semiconductor technolo- 
gy. That breakthrough evolved into the Ebers-Moll transistor model as 
well as the theory for the p-n-p-n switch. Moll taught electrical engineering 
at Stanford University in California from 1958 to 1970, worked on the 
development of optoelectronic devices at Fairchild Camera and 
Instrument Co. from 1970 to 1974, and since 1974 has worked on bipo- 
lar and MOS devices and superconductor materials and devices at 
Hewlett-Packard. 









































IEEE Lamme Medal 
Shotaro Tominaga 


Shotaro Tominaga (F), president, Ryokoh Com- 
puter Systems Co., Hommachi Amagasaki 
City, Japan, is the recipient of the Lamme 
Medal ‘for contributions to the development 
of SF, gas circuit breakers, zinc oxide surge 
arresters, and gas insulated switchgear and 
substations.” 

Tominago joined Mitsubishi Electric Corp., 
Amagasaki City, Japan, in 1950, and worked : 
there in various capacities until 1983, when he was appointed manag: 
er of the Engineering, Energy, and Industrial Systems Group in Tokyo. 
He concurrently served as general manager of the Mitsubishi Fusion 
Center. In 1988 he joined Ryokoh Computer Systems, a Mitsubishi Elec- 
tric Group company, and a year later became president of the firm. 

As a result of his contributions, the first commercial 500-KV hybrid 
gas-insulated switchgear (GIS) was installed in 1973 and the first 500- 
KV full GIS, in 1976. 






IEEE Founders Medal 
Irwin Dorros 
Irwin Dorros (F), executive vice president- 
technical services, Bell Communications Re- 
search (Bellcore), Livingston, N.J., has won 
the Founders Medal “for distinguished tech- 
nical leadership in the evolution of national tele- 
communications networks and the implemen- 
tation of a major R&D resource.” 

Dorros began his professional career with 
Bell Telephone Laboratories in 1956. His work 
there included development of electronic switching, data communica- 
tions, and pulse-code-modulation digital transmission systems, as well 
as cellular radio and the Picturephone. In 1978 he joined AT&I Co. as 
assistant vice president-network planning with responsibility for lead- 
ing the planning of the evolution of the then Bell System nationwide 
network. He was also a technical leader for AT&I’s defense in the proceed- 
ings leading to the breakup. He was named to his present position in 
1982 and has directed the creation of Bellcore’s technical services area. 









Hermann Anton Haus (LF), Institute Profes- 
sor of the Massachusetts of Technology (MIT) | 
in Cambridge, is the recipient of the Educa- | 
tion Medal “for creative contributions to edu- | 
cation in electromagnetic fields and waves, and_ | 
quantum electronics.” 

With the exception of brief interruptions, 
Haus has been at MIT since he obtained a | 
Sc.D. there in 1954. He became a full profes- Ua 
sor in 1962, was given the Elihu Thomson chair in 1973, and was made 
an Institute Professor in 1986. His teaching has concentrated on elec: 
tromagnetic field theory, microwaves, and optoelectronics, while his re- 
search has centered on noise in microwave tubes, lasers, quantum noise, 
and short pulse generation with lasers. 

Haus has authored and coauthored two books on noise and over 
180 journal articles, and holds five patents, one of which is a shared 
patent for the quarter-wave shifted distributed feedback laser. 
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IEEE Simon Ramo Medal 
Paul E. Green Jr. 


Paul E. Green Jr., manager, advanced optical 
networking, IBM Corp., Thomas J. Watson Re- 
search Center, Yorktown Heights, NY., is the 
recipient of the Simon Ramo Medal “‘for the 
introduction of modern system techniques to 
the interpretation of seismic waves, and the 
application of these techniques to distinguish- 
ing earthquakes from underground nuclear ex- 
# plosions.” 

Green's doctorate thesis on correlation detection of stored signals 
at the Massachusetts Institute of Technology (MIT) led to the first oper- 
ational spread-spectrum system. While at MIT’s Lincoln Laboratory from 
1951 to 1969, he and his group worked on extending communication 
concepts to a new kind of communication channel—one lying between 
a seismic receiving system and a distant source that can be either an 
earthquake or an underground explosion. Since 1969, he has been at 
IBM, where he is manager of advanced optical networking. 











IEEE Medal for Engineering Excellence 
Alexander Feiner 


Alexander Feiner (F), executive director, 
Integrated Systems Division, AT&T Bell Labora- 
tories, Middletown, N.J., has been awarded the 
Medal for Engineering Excellence ‘for excep- 
tional contributions to system architecture, 
methodology, and design of modern digital 
PBXs.” 

When Feiner began working at Bell Labora- 
tories in 1953, he joined with others in investi- 
ae the application of electronic techniques to telephone switching. 
In 1959 he proposed a new type of electromagnetic device, the ferreed, 
as well as a new network topology for the switching network based on 
that device. He was promoted to department head, directing the de- 
velopment of the hardware for the No. 1 switching system. 

In 1969 Feiner became a director of a laboratory concerned with tech- 
nology used in customer premises switching. He assumed his present 
position in 1983. 






















IEEE Richard W. Hamming Medal 
Elwyn Berlekamp 


Elwyn Berlekamp (F), president of Axcom Inc., 
Berkeley, Calif., and professor both of electri- 
cal engineering and computer science and of 
mathematics at the University of California, 
Berkeley, has won the Richard W. Hamming 
Medal “‘for profound contributions to the the- 
ory and application of error-correcting codes.” 

After five years at Bell Telephone Laborato- 
ries, Berlekamp received his present profes- 
sorships at the University of California in 1971. In 1982 he started teaching 
part-time in order to pursue industrial research and engineering at Cy- 
clotomics, a company he founded, which later became a subsidiary 
of Eastman Kodak Co. 

From 1967 through the late 1980s Berlekamp and his colleagues in- 
troduced a series of major improvements in algorithms for decoding 
sophisticated algebraic codes, especially Reed-Solomon codes. He has 
patented 12 inventions and has authored over 75 articles. 
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IEEE Alexander Graham Bell Medal 
C. Chapin Cutler 

C. Chapin Cutler (LF), a former professor in 
the department of applied physics at Stanford 
University in California, and now retired, is one 
of three recipients of the Alexander Graham 
Bell Medal “‘for the invention and development 
of predictive coding of pictures and picture se- 
quences.” 

Cutler was engaged in research at Bell Tele- 
phone Laboratories from 1937 until 1979, © eS 
when he joined Stanford University. Holding 80 ak he was an early 
contributor to the development of wideband microwave amplifiers. 





















IEEE Alexander Graham Bell Medal 
John Ormond Limb 

John Ormond Limb (F), laboratory manager, 
Hewlett-Packard Co., Cupertino, Calif., is a 
second recipient of the Alexander Graham Bell 
Medal. 

Limb joined Bell Laboratories, Holmdel, N.u., 
in 1971, where he worked on the coding of pic- 
ture signals to reduce channel capacity re- 
quirements, and on developing office informa- 
tion systems and local-area networks. In 1986 
he joined Hewlett-Packard Laboratories in Bristol, England, and in 1989 
transferred to his present position. 


IEEE Alexander Graham Bell Medal 
Arun N. Netravali 

Arun N. Netravali (F), director, Computing Sys- 
tems Research and Technology Conversion 
Laboratories, AT&T Bell Laboratories, Murray 
Hill, N.J., is the third recipient of the Alexander 
Graham Bell Medal. 

Netravali joined Bell Laboratories in 1972, 
became head of the visual communications 
research department in 1978, and assumed 
his present position in 1983, with responsi- 
bility for high-definition television added in 1990. He holds over 100 
patents in such areas as computer networks and digital television. 





IEEE Heinrich Hertz Medal 
Leopold B. Felsen 

Leopold B. Felsen (LF), University Professor, |) 
Polytechnic University, Farmingdale, NY., has |j 
won the Heinrich Hertz Medal “‘for highly origi- 
nal and significant developments in the the- |7 
ories of propagation, diffraction, and disper- 
sion of electromagnetic waves.” 

Felsen came to the United States from Ger- 
many in 1940 and spent the next three years 
with a ballistics calibration team in the US. 
Army. He then received the B.E.E., M.E.E., and Ph.D. degrees from the 
Polytechnic Institute of Brooklyn. Except for a one-year affiliation dur- 
ing 1960-61 as a liaison scientist with the Office of Naval Research 
in London, Felsen remained with Polytechnic (now the Polytechnic Univer- 
sity). He was dean of engineering (1974-78), became Institute Profes- 
sor (1978-88), and received his present appointment in 1988. His re- 
search activities have centered on microwaves, waveguides, antennas, 
and radar scattering from targets. 
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Patent pending: 


an interactive process 
Joel Miller 


Intimately involved though engineers are 
with the creative phase of their work, their 
exposure to the process of protecting the 
fruits of their labors is usually brief and limit- 
ed. Those who apply for patents typically as- 
sist with the preparation of the application 
and rarely participate again. This column will 
look at the passage of a patent application 
through the U.S. Patent and Trademark Of- 
fice and then touch on some aspects of in- 
ternational patent protection. 

FIRST STEP. When a patent application arrives 
at the patent office, it is generally routed to 
a patent examiner assigned to the pertinent 
technology. This person will review the ap- 
plication, perform a search for relevant prior 
patents and publications, and compare the 
claims against pertinent references, to test 
for their novelty and unobviousness. 

Under the novelty test, a device or pro- 
cess is not new and cannot be patented if ex- 
actly the same device or process is disclosed 
in a prior patent or publication. Under the 
obviousness test, the claimed invention is 
also unpatentable if it would have been ob- 
vious to one skilled in the technology. Sup- 
pose a claim described a solid-state ampli- 
fier using a gallium arsenide field-effect 
transistor (FET). Then if one patent locat- 
ed by the examiner disclosed a vacuum tube 
amplifier of the same configuration, while 
another discussed the interchangeability of 
FETs and vacuum tubes, the examiner could 
reject the claim as being obvious. 

The patents and publications considered 
by the examiner need not be limited to those 
found during the examiner’s search. Any 
reference known to the applicant that bears 
on the examiner’s determination of patent- 
ability must be provided to the patent office. 
Otherwise, the resulting patent may be held 
unenforceable. 

If the examiner rejects the claims, the ap- 
plicant can file a response opposing the re- 
jection or amending the claims or specifica- 
tion to overcome the rejection. But no new 
matter—material not found in the original 
application—may be added. Any statements 
or changes to the claims made by the appli- 
cant to secure their allowance should be 
carefully weighed, as they may limit the 
scope of the claims. For example, an appli- 
cant might represent to the patent office that 
a proposed claim should be narrowly inter- 
preted to avoid encompassing a cited refer- 
ence, but then may not later assert a broader 











interpretation against an accused device 
even if it satisifies the claim’s literal 
language. 

If the claims of an application were previ- 

ously rejected and the applicant’s subse- 
quent arguments do not overcome the re- 
jection, the examiner will likely issue a final 
rejection. At this point the applicant may 
submit an ‘‘amendment after final,’’ essen- 
tially asking the examiner to reconsider, or 
appeal the rejection, or abandon the appli- 
cation. 
SECOND CHANCE. A fourth option after a final 
rejection is to refile the application as a ‘‘con- 
tinuation’’ by paying an additional filing fee, 
maintaining the priority date and obtaining 
another chance up at bat. A variation of this 
procedure, a continuation-in-part application 
(CIP), may be employed where the inven- 
tion has been modified or improved and the 
applicant would like to add such features to 
the application. Here, priority is preserved 
with respect to material in the original ap- 
plication while the priority date for the new 
matter is the filing date of the CIP. 

If the claims are allowed, the examiner will 
perform an interference search of related 
pending patent applications. Should the ex- 
aminer locate one claiming a similar inven- 
tion, the patent office will hold an interfer- 
ence proceeding to determine who has 
priority and is therefore entitled to a patent 
on the invention. 

If the ‘‘interference’’ test is passed, the 
patent issues for a nonrenewable term of 17 
years. In the United States, applicants pay 
an issue fee followed by periodic main- 
tenance fees to keep the patent in force. 

AUS. patent is effective only within the 
United States. If an inventor wants protec- 
tion in another country, Japan, say, or Great 
Britain, then a patent must be secured in that 
country as well. It is usual to file first in the 
country of residence, and then in other coun- 
tries within the period permitted by inter- 
national convention, which is generally one 
year. 

Some countries, such as Great Britain, 
have an absolute novelty requirement, pro- 
hibiting any disclosure before filing. If cover- 
age is desired in any of these countries, the 
applicant must file the initial application be- 
fore selling a device incorporating the inven- 
tion, delivering a paper describing the inven- 
tions at a professional society meeting, or 
otherwise publicly disclosing the technical 
details. 

More may be learned about patents from 
a useful pamphlet titled ‘‘General Informa- 
tion Concerning Patents,’’ available for US 
$2 from the U.S. Government Printing Of- 
fice, 710 N. Capitol St., Washington, D.C. 
20402; 202-275-2091. 


Joel Miller is an attorney at the New York City law 
firm of Weil, Gotshal & Manges. 





Engineer 
at large 


MergerintheUK 


Two British organizations will unite on Oct. 
1 into the United Kingdom’s largest en- 
gineering institution. The merger between 
the 110 000-member Institution of Electri- 
cal Engineers (IEE) and the 20 000-member 
Institution of Manufacturing Engineers 
(IMfgE) is intended to counter the fragmen- 
tation of the profession and to strengthen its 
ability to support innovation and technolog- 
ical development, according to the president 
of IMfgE, Len Weaver, and the president of 
IEE, David Jones. The merger is to take ef- 
fect on October 1 and the new organization 
will retain the name of IEE. 

“‘The merger is particularly important in 
the light of the [post] 1992 single European 
market and will enable us to speak with 
greater authority to the Government and the 
EEC [European Economic Community],”’ 
said Weaver. 

Next comes the creation of a 40 000- 
member manufacturing division with, it is 
hoped, a powerful voice in British manufac- 
turing. Later still, another merger is expect- 
ed in two to three years between the IEE 
and the Institution of Mechanical Engineers 
(IMechE). 








Prize for a popularizer 


Nominations for an award recognizing scien- 
tists and engineers who make outstanding 
contributions to the popularization of science 
should be submitted by Aug. 1. (They should 
not be members of the media.) The annual 
award carries a US $2500 stipend and is 
sponsored by the American Association for 
the Advancement of Science (AAAS) and the 
Westinghouse Foundation. Its goal is to en- 
courage people to popularize their scientif- 
ic and engineering work and to emphasize 
the value that the scientific community 
places on communication with the public. 
Contributions to be considered include pub- 
lishing, broadcasting, lecturing, and muse- 
um presentation and exhibit design. 

The 1991 Award for Public Understand- 
ing of Science and Technology will be 
presented at the AAAS Annual Meeting in 
Chicago, Feb. 6-11, 1992. Contact: Patricia 
S. Curlin, Awards Administrator, Commit- 
tee on Public Understanding of Science and 
Technology, American Association for the Ad- 
vancement of Science, 1333 H St., N.W., 
Washington, D.C. 20005; 202-326-6602; 
fax, 202-371-9526. 





COORDINATOR: Trudy E. Bell 








COORDINATOR: George Likourezos 
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“Improving System Effectiv. 
The Changing Environment of the 90’s” 


AUTOTESTCON is a high-level technical conf se,that will focus on 
the technology applicable to System Re 4 
achieve that readiness in a cost-effecti 
new methods to improve system effecti 
military and commercial environments and. 

this challenge. o 








PLAN NOW TO ATTEND! 


Call today for a complete show and conference program | 


(818) 577-7100 
OR 
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Electrical Engineer 
Research 


A challenging opportunity exists within our Relativistic Heavy Ion 
Collider Project (RHIC). RHIC will be a world-class particle accelerator 
where researchers will study fundamental properties of matter under 
conditions that have not existed since the beginning of the universe. 
You'll be responsible for the design and testing of analog/digital ICs, 
as well as the operation, programming and maintenance of the 
Cadence CAD System. An MSEE and minimum of five years’ experience 
in the design of analog integrated circuits are required. Proven 
experience in the simulation, layout and extraction of IC designs using 
an integrated CAD system is necessary. 


Brookhaven offers a stimulating work environment and superior 
benefits which include 24 days’ annual vacation. If you would like to 
be considered for this position, please forward your resume, including 
salary requirements, to: Nancy L. Sobrito, Position #NS0946, 
Brookhaven National Laboratory, Associated Universities, Inc., 
Personnel Division, Bldg. 185, Upton, LI, NY 11973. 


Mechanical Engineer 
NSLS 


The National Synchrotron Light Source (NSLS) Department at 
Brookhaven National Laboratory has a senior position open for an 
engineer with an advanced degree and a minimum of ten years’ 
experience in the area of particle accelerators. Knowledge of magnet 
design and fabrication, and ultra-high vacuum engineering is 
desirable. The successful candidate will be responsible for overseeing 
general mechanical engineering, including the design room and staff 
shops within the NSLS Department. 


Applicants should submit a curriculum vitae and the names of three 
references to: Dr. E.B. Forsyth, Search Committee Chair, Accelerator 
Development Department, Building 1005S, Brookhaven National 
Laboratory, Associated Universities. , Inc., Upton, L.1., NY 11973. Equal 
opportunity employer M/F/H/V. 


5) 8) | BROOKHAVEN 
NATIONAL LABORATORY 
qiul 


ASSOCIATED UNIVERSITIES, INC 














The expansion of the AT&T Micro Electronics Group has created 
the need for APPLICATION ENGINEERS in the New England 
Area. These positions involve total technical support of OEM 
customers and account sales persons from seminar presenta- 
tions to detail design. Starting with customer needs, the FAE 
works with Product Marketing to define new products and re- 
solve all issues in the implementation of a customer solution. 


Fiber Optic and 
Lightwave Components 


Knowledge of fiber optics in datacom and telecom applications 
including FDDI, SONET and CATV. Three years’ minimum 
technical sales or design engineering experience in the fiber 
optic industry is required. 


Telecom and DSP Components 
Minimum 3 years’ design engineering experience in T1, ISDN, 
data/fax modems, V.32/22/42, DSP, Graphics, Digital Imaging 
and/or Data Compression. Semiconductor FAE experience is 
desirable. 


Datacom Components 

Minimum 3 years’ design engineering experience in LANS, 
Ethernet/802.3, 10BaseT, FDDI and/or fiber optics. Semiconduc- 
tor FAE experience is desirable. 

The successful candidates will be aggressive and self-motivated 
with a BSEE or other technical degree and will possess excellent 
communication and interpersonal skills. Experience in Asic 
design and analog circuits will be of additional benefit. 

As a world leader in communication circuits and devices, 
AT&T offers a unique opportunity to be part of the leading 
edge of an exciting technology. AT&T offers a salary com- 
mensurate with experience, an excellent array of benefits 
and unlimited career growth opportunities. Please send 
resume with salary history in confidence to: Buyer Con- 
fidential Response Service, Code #P-3005, Box 222, 
Needham, MA 02194. AT&T is an Equal Opportunity Employer. 


It Takes Big Thinking 
To Make A Small World. 


At Motorola Government Electronics Group, 
we can show you a future more rewarding 

than you may have dreamed possible. We 

invite you to join our progressive organiza- 
tion as a: 


Technical Staff Engineer - 
Software 


This key position is an excellent opportu- 
nity for the right individual to influence the 
development of software for our R&D 
Engineering Department. Duties include 
developing, refining and teaching software 
development processes/methodologies as 
well as hands-on software development. 
Requires previous experience developing 
real-time software in a DoD-STD-2167A 
environment. A PhD degree in Computer 
Science or Computer Engineering is 
strongly preferred. 


When you join Motorola GEG, you'll be 
building a strong foundation for your future. 
In addition to professional challenges, we 
offer an excellent compensation/benefits 
package. For consideration, please rush 
your resume with salary history to: 
Professional Recruitment, Motorola 
Government Electronics Group, 8201 E. 
McDowell Rd., Dept. B1215, Scottsdale, 
AZ 85252. An Equal Opportunity/Affirmative 
Action Employer. Minorities and women are 
especially encouraged to apply. Most posi- 
tions require U.S. Citizenship. 


The highest standards. The strongest commitment. 


MOTOROLA 
Government Electronics Group 








SCHOOL OF INFORMATION SCIENCE 
& TECHNOLOGY 


LECTURER IN 
ENGINEERING 


(Electrical/Electronic Engineering) 
(Limited Term) 
$A33 163 - $A43 096 pa 


Ref No 91266I. The first two years of a 
Bachelor of Electrical and Electronic Engineering 
degree course will be offered in 1992 leading to 
the first engineering graduates from Flinders 
University in 1994. The course is to be offered 
within a joint faculty of engineering currently 
being negotiated with the University of South 
Australia. Construction of an engineering 
building has commenced and is expected to be 
ready for occupancy in late 1991. 


A limited term position in electrical/electronic 
engineering is available from January 1992 for 
three years with possibility of further two year 
extension, to teach at undergraduate and 
postgraduate levels and to develop research 
activities. Successful appointee will be required 
to teach from a range of core electrical/electronic 
engineering subjects concerning basic circuits 
and systems, measurements, signal processing, 
computing and control; to develop research 
activities and to establish links with industry 
involved in electrical and electronic engineering. 
Opportunities for consultancy within University 
guidelines will be encouraged. 


Research degree or equivalent professional 
experience and a strong commitment to the 
teaching of engineering essential. As teaching in 
biomedical engineering will begin in 1994, a 
background and interest in the area of 
biomedical engineering is desirable. 


Further information from the interim 
Head of the Joint Engineering Programme, 
Professor Eric Hobson, telephone 61-8-343 3307, 
fax 61-8-260 4724. Appointment will not 
normally be made above the sixth level of the 
scale, viz $A40 257 pa. 


Applications, quoting the reference number, 
and giving full details of qualifications and 
experience and the names and addresses of three 
referees of whom confidential enquiries may be 
made, should be lodged, in duplicate, with the 
Manager, Human Resources, The Flinders 
University of South Australia, GPO Box 2100, 
Adelaide SA 5001, Australia, by 30 August 1991. 


The University reserves the right not to make 
an appointment or to appoint by invitation. 


Equal Employment Opportunity is 
University Policy 


FLINDERS 
UNIVERSITY 


ADELAIDE e¢ AUSTRALIA 


AK 85209 
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INFORMATION, 
ao ea 


PROCESS 
INTEGRATION 


The Institute for Defense Analyses 
offers challenging career positions 
in its Computer and Software Engi- 
neering Division to experienced 
individuals with strong backgrounds 
in computer and information science. 
As a Federally Funded Research 
and Development Center, IDA 
addresses a wide range of complex 
national security issues for the 
Office of the Secretary of Defense, 
the Joint Chiefs of Staff, Defense 
agencies, and other Federal 
sponsors. 

An important area of current IDA 
research is the application of infor- 
mation technologies to system 
design, manufacture, and test. 
Special emphasis is being placed on 
means for enhancing information, 
product, and process integration in 
system development and mainte- 
nance. Ongoing areas of research 
in the Computer and Software 
Engineering Division pertinent to 
these interests include: concurrent 
engineering, enterprise and multi- 
enterprise integration, advanced 
decision support, very large scale 
information management, diagnos- 
tic systems, and simulation. 


Individuals with skills and interests 

in the following areas are being 

sought: 

* Concurrent Engineering Tools 
and Methods 

¢ Information and Process 
Modeling 

¢ Mechanical Product 
Representation 

¢ Persistent Object Management 

¢ Computer Integrated 
Manufacturing 

* Test System Design 

Positions at various levels of expe- 

rience are available. Doctoral-level 





knowledge and experience are 
highly desirable. Senior candidates 
should be able to create and articu- 
late broadly applicable integration 
strategies based on a technically 
sound and realizable vision. Junior 
candidates should be able to 
demonstrate energetic and creative 
approaches to understanding and 
expanding the practice of informa- 
tion, product, and process integra- 
tion. Current tasks will provide 
those hired with the opportunity to 
establish foundations for important, 
large-scale industry and govern- 
ment activities. 


IDA offers excellent opportunities 
for professional development in a 
superior environment. You can 
expect a competitive salary, excel- 
lent benefits, and the chance to con- 
tribute substantively to the solution 
of urgent and critical problems fac- 
ing our nation, while at the same 
time playing a role on the leading 
edge of the state of the art in com- 
puting. If this kind of future appeals 
to you, we urge you to investigate 

a career with IDA. Please forward 
your resume to: 

Mr. Thomas J. Shirhall 

Manager of Professional Staffing 
Institute for Defense Analyses 
1801 N. Beauregard Street 
Alexandria, Virginia 22311 

IDA is an equal opportunity employer, 
m/f. U.S. citizenship is required. 


Ly 
|DA 














Calendar 


(Continued from p. 12]) 

Military Communications Conference— 
Milcon ’91 (COM); Oct. 20-23; McLean 
Hilton, Virginia; Fay Brady, Mitre Corp., 
7525 Colshire Dr., McLean, Va. 22102; 
703-883-6733. 





Vehicle Navigation and Information 
Systems Conference-VNIS ’91 (VT); 
Oct. 20-23; Hyatt Regency, Dearborn, 
Mich.; Mark K. Krage, General Motors Re- 
search Labs, Department 18, 30500 Mound 
Rd., Warren, Mich. 48090; 313-986-2976. 


Workshop on Applications of Signal 
Processing to Audio and Acoustics 
(SP); Oct. 20-23; Mohonk Mountain House, 
New Paltz, N.Y.; James Kates, City Univer- 
sity of New York, Graduate Center, Room 
901, 33 W. 42nd St., New York, N.Y. 10036; 
212-642-2179; fax, 212-642-2379. 


Advanced Semiconductor Manufactur- 
ing Conference and Workshop (ED); 
Oct. 21-22; World Trade Center, Boston; 
Margaret Bachmeyer, 2000 L St., N.W., 
Suite 200, Washington, D.C. 20036; 
202-457-9584. 


13th Annual International Conference 
of the IEEE Engineering in Medicine 
and Biology Society (EMB); Oct. 31- 
Nov. 3; Hilton at Walt Disney World, Lake 
Buena Vista, Fla.; Joachim H. Nagel, 
Department of Biomedical Engineering, 
University of Miami, Box 248294, Coral Ga- 
bles, Fla. 33124; 305-284-2442. 


NOVEMBER 


International Conference on Comput- 
er-Aided Design—ICCAD ’91 (ED); Nov. 
11-14; Santa Clara Convention Center, Santa 
Clara, Calif.; ICCAD, 1730 Massachusetts 
Ave., Washington, D.C. 20036-1903; 202- 
371-1013. 


Third Topical Conference on Emerging 
Technologies in Materials (ED); Nov. 
17-22; Los Angeles Hilton Hotel, Los An- 
geles; Stevin H. Gehrke, Department of 
Chemical Engineering, University of Cincin- 
nati, Mail Location 171, Cincinnati, Ohio 
45221-0171; 513-556-2766. 


WHT Ay 


International Electron Devices Meet- 
ing (ED); Dec. 8-11; Washington Hilton 
Hotel, Washington, D.C.; Melissa Wider- 
kehr, c/o Courtesy Associates Inc., 655 15th 
St., N.W., Suite 300, Washington, D.C. 
20005; 202-639-4990. 
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© 1990 Honeywell Inc. 


HONEYWELL: OPENING THE DOOR 





TO A CAREER IN AVIONICS TECHNOLOGY. 


Honeywell in Phoenix offers a variety 
of career opportunities in our Commercial 
Flight Systems Group. Our continuing 
growth has created the following positions: 


Systems Design Engineer — In this 
area, you will be involved in guidance and 
control systems analysis and hardware/ 
software design trade-offs. Specification 
designs, including guidance, navigation and 
control algorithm development, as well 
as systems integration and installation, 
flight test and customer liaison activity, are 
a part of these positions. 


System Software Development — 
This area involves development of flight 
software for advanced guidance and control 
systems for aircraft using modular and 
structured programming techniques. You 
will be involved with algorithms and 
development of real-time programs in both 
assembly (8086 family, Z8002 and 68000) 
and high order languages such as Pascal, 
“C,” Ada and PLM/86, with subsequent 
hardware integration. 


Electronics Engineering — These posi- 
tions involve the development of new pro- 
cessor/bus architectures and specifications 





to support fault tolerant/redundant airborne 
applications. 


Display Systems — These positions 
offer systems, software and hardware oppor- 
tunities with CRT/LCD display technology. 
You should be familiar with digital hardware 
design and/or real-time programming. Sys- 
tems functions include overall system defi- 
nition, design and customer interaction. 


To qualify for the positions listed above, 
you should have a BSEE or a BSCS degree 
and at least three years of experience. 


Ada Software Systems Engineers — In 
these positions you will design, implement 
and maintain software tools hosted on VAX/ 
VMS computer systems and written in Ada 
and “C” languages. Experience with design- 
ing and implementing compilers, linkers, 
debuggers and runtime libraries targeted to 
RISC architectures is required. A back- 
ground in Ada compiler support is highly 
desired. 


Additional opportunities are available 
in: 
¢ CRT/LCD Display Technology 


¢ Avionics Systems Simulation 


¢ CAE Engineering (Apollo Mentor 
Systems) 


¢ Artificial Intelligence 
* VAX Systems Administration 
¢ Fiber Optic Pressure Sensors 


EMI/HERF 


¢ Software Tools Development 


Make a career move. Honeywell offers 
you a competitive salary and benefits pack- 
age. All new employees are required to suc- 
cessfully complete a drug screening test. 
Send your resume and salary history, in con- 
fidence, to Honeywell, Commercial Flight 
Systems Group, Professional Employment 
(IEEE-E904), P.O. Box 21111, M/S I-17C, 
Phoenix, AZ 85036. 


Honeywell 


HEE PR ELNIGi¥O:iOiGon TRO 
YOUR WORLD 


Equal Employment Opportunity/Affirmative Action Employer 
U.S. citizenship required for some positions 









PENNSTATE 





DEAN OF ENGINEERING 


The Pennsylvania State University invites applications and nominations for the position of Dean of the College of Engineer- 
ing. Dean John A. Brighton has been named Provost of the University, effective July 1, 1991. The position of Dean be- 
comes available on that date. 
THE UNIVERSITY: Penn State is a land-grant institution enrolling approximately 60,000 undergraduate students and 10,000 
graduate students. The University is geographically distributed at 23 campus locations. The University offers a high quali- 
ty undergraduate instructional program and, at the same time, is a premier research and graduate institution. It is ranked 
11th nationally in total research and development expenditures and 2nd nationally in private industry sponsored research 
support. Penn State graduated the second largest number of engineering baccalaureate degrees in the nation in 1989-90. 
THE COLLEGE: The College of Engineering enrolls more than 7,000 undergraduate baccalaureate students and 1,200 
graduate students. The College has 255 tenured or tenure-track faculty members in 11 departments and 2 degree-granting 
programs at the University Park Campus, and 125 full-time faculty members located throughout the Commonwealth at 
17 campus locations. The College of Engineering, one of thirteen colleges within the University, also enrolls approximately 
1,300 students in two year associate degree programs in Engineering Technology. The budget for 1990-91, is approxi- 
mately $58 million, including approximately $34 million in research expenditures. In addition, annual private gift-giving 
exceeds $7 million. 
THE POSITION: The Dean is responsible for the academic and professional leadership and administration of the College. 
The Dean reports directly to the Executive Vice President and Provost of the University (Office of the President). The Dean 
provides leadership and support for the faculty; fosters a positive environment for quality teaching, research, and service; 
ensures quality of curricula and programs; and manages the resources of the College. Externally, the Dean is expected 
to enhance the College’s national and international prominence. The Dean works with alumni and industry leaders as 
partners with the common purpose of continuing to advance the College as one of the nation’s top engineering schools. 
QUALIFICATIONS: Candidates for the position should possess the background required for a tenured professorship within 
the College. This includes an earned doctorate or other terminal degree, evidence of scholarly and research accomplish- 
ments, demonstrated teaching effectiveness at both the undergraduate and graduate levels, and a record of external financial 
support for research and/or educational purposes. Candidates should also have experience in administration in which 
they developed and demonstrated leadership, managerial, and communicative skills. Knowledge of, and/or experience 
in, fund raising in the private sector is preferred. The successful candidate will have a record of commitment to affirmative 
action. 
APPLICATIONS AND NOMINATIONS: The search committee will begin to review applications in mid-July and continue to 
receive them until a candidate is selected. Nominations and applications, accompanied by a resume and the names of 
four references, should be mailed to; Dr. George J. McMurtry, Chairperson, Engineering Dean Search, The Pennsylvania 
State University, Room 201 Old Main, Box IEEE, University Park, PA 16802. 

An Affirmative Action/Equal Opportunity Employer 
Women and Minorities Encouraged to Apply 


ISSA/NSA 
OU AY 


USE YOUR “TICKETS” 
FOR FASTER CAREER GRGWTH 


Put our 25+ years experience plac- 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231-9000 or send your 
resume in confidence to: Dept. EA- 
ISEB or FAX to: (301) 770-9015. 








































Science CENTER 


IN THousAND Oaks, CA 





HIGH-SPEED 
DSP/IC DEVELOPMENT 


The Science Center, Rockwell International Corporation’s 
research laboratory in Thousand Oaks, CA has the 
following opportunity available in the High Speed Elec- 
tronics and Optoelectronics function. 


DSP AND IC RESEARCH ENGINEER 
Candidate will participate in implementation of ad- 
vanced DSP algorithms with ultrahigh speed GaAs HBT 
circuits for communication and A/D conversion. Experi- 
ence is required in digital signal processing and analog 
and digital integrated circuit design. A Ph. D. or M. S. 
(with equivalent experience) degree in Electrical Engi- 
neering or a related field is required. 


Rockwell offers competitive salaries and one of the finest 
benefit packages in the industry. If you have the requisite 
skills, please forward your resume and cover letter to: 
Rockwell International, Science Center, Professional 
Staffing (DCR-5), P. 0. Box 1085, Thousand Oaks, CA 
91358. Equal Opportunity Employer M/F/H/V. U. S. 
citizenship may be required for some positions. 


@ % Rockwell 
International 


..where sclence gets down to business 


WALLACH 


associates, inc. 


BT aera bre] esl 1 Le 


Washington Science Center 
6101 Executive Boulevard 

Box 6016 

Rockville, Maryland 20849-6016 



























Recent books 


(Continued from p. 12) 
UNIX System V Release 4: The Complete Refer- 
ence. Coffin, Stephen, Osborne McGraw- 
Hill, Berkeley, Calif., 1990, 905 pp., $29.95. 





Handbook of Analog Circuit Design. Feucht, 
Dennis L., Academic Press, San Diego, 
Calif., 1990, 685 pp., $125. 


GW-BASIC Command Reference. Inman, Don, 
and Albrecht, Bob, Osborne McGraw-Hill, 
Berkeley, Calif., 1990, 779 pp., $24.95. 


Survey of Semiconductor Physics. Boer, Karl, 
Van Nostrand Reinhold, New York, 1990, 
1423 pp., $79.95. 


Novell Netware 386: The Complete Reference. 
Sheldon, Tom, Osborne McGraw-Hill, 
Berkeley, Calif., 1990, 907 pp., $39.95. 


The Art of Probability. Hamming, Richard W., 
Addison-Wesley, Redwood City, Calif., 1990, 
344 pp., $48.50. 


Turbo C/C++: The Complete Reference. Schildt, 
Herbert, Osborne McGraw-Hill, Berkeley, 
Calif., 1990, 1016 pp., $29.95. 


Electromagnetic Compatibility. Mul/ti- 
authored, Institution of Electrical Engineers, 
London, 1990, 323 pp., $90. 


Radio frequency and microwave power meas- 
urement. Fantom, A., Peter Peregrinus, 
London, 1990, 278 pp., $88. 


Guide to ORACLE. Hoechst, Timothy, Melander, 
Nicole, and Chabris, Christopher, McGraw- 
Hill, New York, 1990, 354 pp., $39.95. 


Integrated Broadband Services and Networks. 
Multi-authored, Institution of Electrical En- 
gineers, London, 1990, 340 pp., $92. 


Binding Time. Halpern, Mark, Ablex Publish- 
ing, Norwood, N.J., 1990, 208 pp., $27.50. 


International Broadcasting Convention 1990. 
Multi-authored, Institution of Electrical En- 
gineers, London, 1990, 424 pp., $108. 


Training for TPM: A Manufacturing Success 
Story. Ed. Nachi-Fujikoshi Corp., Produc- 
tivity Press, Cambridge, Mass., 1990, 280 
pp., $59.95. 


A Performance Monitor for Parallel Programs. 
Reilly, Matthew H., Academic Press, San 
Diego, Calif., 1990, 178 pp., $32.95. 


Modern Ferrite Technology. Goldman, Alex, 
Van Nostrand Reinhold, New York, 4401 pp., 
$49.95. 


PC Principles. Forst, Gunnar, MIT Press, 
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INA WORD, 


An interconnection gridlock is building. Last generation's 
packaging technology is limiting the quality of high fre- 
quency data transmission. A strategic packaging imperative 
has been established to clean up signal pathways and widen 
the bandwidth of Motorola microelectronic products. 


Packaging and interconnection technology has achieved high 
visibility status at Motorola Semiconductor Products Sector. 
You will be a highly valued professional, given the oppor- 
tunity to stretch your wings in a team environment where 
creativity is the norm and opportunities for excellence abound. 
Join us at our Austin, Texas or Phoenix, Arizona facilities. 


Positions require a degree in the appropriate science. 


Simulation/Design Engineer — Single and MC pack- 
aging experience. Expertise with geometric tolerancing and 
Finite Element Modeling preferred, as well as assembly 
manufacturing background. 


Development Engineer — Broad experience with package 
and assembly process development is essential. Includes 
ceramic, plastic, DIP, SMT, hybrids, TAB and Flip-Chip. 


Mechanical Engineer — MCM and piece-part design, 
form factors, documentation, mechanical property evaluation 
and thermal management options. 


Materials and Process Technology Engineer — 
Knowledge of substrates (design and electrical/thermal 
testing), interconnect metallurgy, encapsulants/coatings, 
adhesives, thermal compounds and thermal management. 


Interconnect Process Engineer — Requires high 
density aluminum and gold bonding, TAB outer-lead 
bonding, and Flip-Chip/C joining on various substrates. 


CIM/Instrumentation and Robotics Engineer — 
Expertise with advanced assembly equipment, process 
automation, robotics, computer control systems, tooling 
and CAD/CAM. 


Product Development Engineer — Work with vendors 
and customers on MCM product design and development. 
Requires knowledge of microprocessor architectures, system 
simulation and de-bug. 


MCM Design Engineer — Work with customers on 
design of ASIC MCMs and develop product specifications. 
Expertise needed in logic design, modeling/simulation, 
de-bugging and microprocessor architectures. 





Systems Technology Engineer — Define/develop/ 
validate electrical design rules; electrical noise management 
strategy for MCM products. Knowledge of transmission 
lines, noise factors, IC, systems packaging technologies and 
high-speed digital signal issues necessary. 


MCM Test Engineer — Develop/implement a test 
strategy for MCM products and interface with a CAD group 
to develop automatic test pattern generation and techniques 
for fault tolerance. 


MCM CAD Engineer — Develop CAD tools and strategy 
for design and test of MCMs. Work with product groups, 
customers and vendors to establish capabilities for ‘‘seam- 
less’ transfer of models, libraries and databases. 


Market Development Engineer — Responsible for 
applications support and market development for MCM 
products. Provide customer support/documentation for 
designs and defining new product requirements. 


Systems Engineering Manager — Define and develop 
technology/methodology for designing/testing MCM products. 
Requires experience managing system HW/SW design groups, 
and modeling/design/test techniques (microprocessor archi- 
tectures a plus). 


MCM Design Engineer — Design MCMs, work on 
architectural issues, define the technology and methods for 
designing/testing MCMs. Requires expertise with system 
HW/SW design, modeling, simulation and testing. 


A commitment to quality. Uncompromising standards. A 
vision of the future. These are the qualities that have placed 
Motorola Semiconductor Products Sector at the forefront of 
our industry. And we invite equally farsighted professionals 
to join us. Please send your resume, indicating preferred 
location, to: Motorola SPS, Attn: Greg Rendahl, Dept. 
SPS-925, 1438 W. Broadway Rd., Suite B100, Tempe, AZ 
85282. An Equal Opportunity/Affirmative Action Employer. 


MOTOROLA 
Semiconductor Products Sector 


Visionaries. Here and Now. 
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Cambridge, Mass., 1990, 560 pp., $27.50. 
The Waite Group’s Microsoft Quickbasic Bible. 
Waite, Mitchell, et al., Microsoft Press, Red- 
mond, Wash., 1990, 960 pp., $27.95. 


Massively Parallel Computing with the DAP. 
Parkson, Dennis, et al., MIT Press, Cam- 
bridge, Mass., 1990, 294 pp., $29.95. 


Vax Architecture Reference Manual. Brunner, 
Richard A., Digital Press, Bedford, Mass., 
1991, 560 pp., $44.95. 


Power and Process Control Systems. Polonyi, 
Michael J.G., McGraw-Hill, New York, 
1990, 185 pp., $39.50. 


Handbook of Neural Computing Applications. 
Maren, Alianna, et al., Academic Press, San 
Diego, Calif., 1990, 448 pp., $69.95. 


Metasystems Methodology. Hall, Arthur D., 
Pergamon Press, Oxford, England, 518 pp., 
1989, $63. 


Esprit 90. Ed. Commission of the European 
Communities, Kluwer Academic, Dordrecht, 
the Netherlands, 1990, 894 pp., $230. 








Unified Theorles of Cognition. Newell, Allen, 
Harvard University Press, Cambridge, 
Mass., 1990, 549 pp., $39.95. 


Logic Programming. Ed. Debray, Saumya, et 
al., MIT Press, Cambridge, Mass., 1990, 
849 pp., $55. 


Hypercube Algorithms. Ranka, Sanjay, et al., 
Springer-Verlag, New York, 1990, 237 pp., 
$39. 


Integrated Circuit Design and Technology. 
Morant, M.J., Chapman and Hall, Florence, 
Ky., 1990, 190 pp., $24.95. 


VAX/VMS: Concepts and Facilities. Shah, Jay, 
McGraw-Hill, New York, 1991, 331 pp., 
$39.95. 


Satellite Communications: 2nd edition. 
Gagliardi, Robert M., Van Nostrand Rein- 
hold, Florence, Ky., 1991, 584 pp., $48.95. 


Basic Feedback Control Systems: alternate 2nd 
edition. Phillips, Charles L., and Harbor, 
Royce D., Prentice-Hall, Englewood Cliffs, 
N.J., 1991, 478 pp., $51. 


Controlling Conducted Emissions by Design. 
Fluke, John C., Van Nostrand Reinhold, 
New York, 1991, 334 pp., $44.95. 





Accelerated Testing. Nelson, Wayne, John 
Wiley & Sons, New York, 1990, 601 pp., 
$69.95. 


Cleaning Printed Wiring Assembiles In Today’s 
Environment. Hymes, Les, Van Nostrand 
Reinhold, New York, 225 pp., $49.95. 


Control Sensors and Actuators. DeSilva, Clar- 
ence W., Prentice-Hall, Engelwood Cliffs, 
N.J., 1989, 436 pp., $59.40. 


Digital Guide To Developing International Soft- 
ware. Digital Press, Bedford, Mass., 1991, 
381 pp., $28.95. 


Encapsulated PostScript. Vollenweider, Peter, 
Prentice-Hall, Englewood Cliffs, N.J., 1990, 
226 pp., $34.67. 


Newton's Telecom Dictionary. Newton, Harry, 
Telecom Library, New York, 1990, 527 pp., 
$19.95. 


Inside Smalltalk, Volume Il. LaLond, Wilf R., 
and Pugh, John R., Prentice-Hall, Engle- 
wood Cliffs, N.J., 1990, 553 pp., $48. 


Netware Server: Troubleshooting and Main- 
tenance Handbook. Liebing, Edward, and 
Neff, Ken, McGraw-Hill, New York, 1990, 
658 pp., $34.95. 








IT’S TIME 
me ee 


ORO 
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Open your eyes and see just how many 
subjects are covered in the new edition 
of the Consumer Information Catalog. 
It's free just for the asking and so are 
nearly half of the 200 federal publica- 
tions described inside. Booklets on sub- 
jects like financial and career planning; 
eating right, exercising, and staying 
healthy; housing and child care; federal 
benefit programs. Just about everything 
you would need to know. Write today. 
We'll send you the latest edition of the 
Consumer Information Catalog, which is 
updated and published quarterly. It'll be 
a great help, you'll see. Just write: 


Consumer Information Center 
Department TD 
Pueblo, Colorado 81009 


A public service of this publication and the 
Consumer Information Center of the 
U.S. General Services Administration 
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FEs’ tools & toys 


Neural net software 
bypasses programming 


Two new software packages, ExploreNet 
3000 and KnowledgeNet, use neural net- 
work techniques to solve engineering and 
scientific problems without requiring any 
programming. Instead, the neural network 
processing scheme is set up through mouse- 
selectable icons. 

Because neural networks exhibit an adap- 
tive behavior that lets them learn from data 
collected in the past, they do not need al- 
gorithms or rules in advance, nor must such 
things be developed. Instead of being pro- 
grammed, these networks are ‘“‘trained’’ by 
being exposed to repeated examples of and 
desired responses to the collected data. 
Once they are trained, they can ‘‘fill in the 
blanks’’ for missing data or make predictions. 

While the ExploreNet 3000 can solve 
problems containing large data sets, 
KnowledgeNet is used in applications call- 
ing for yes/no decisions or multiple choices. 
Both packages require Microsoft’s Windows 
3.0 running in 386 mode. With Windows’ 








An ExploreNet 3000 screen shows an appli- 
cation for reducing the noise from a digitized 
electrocardiogram (EKG) signal. The top trace 
is the “‘answer’’ used during training. The 
middle trace is the noisy signal. The bottom 
trace shows the output of the neural network 
after training. 


multitasking capabilities, a user can train a 
neural network while doing other work ina 
separate window. 

ExploreNet 3000 can be set up to process 
data according to any of 19 forms of neural 
networks. The icons needed for this pro- 
cessing include three types of modules: 
input/output, which specify input files, com- 
municate with other programs, and edit or 
display textual data; data processing, which 
contain the neural networks and perform the 
computations; and display, which allow data 
to be displayed in text, graph, or image form. 
Each module may be tailored to application 
requirements, defined, and tested. 





KnowledgeNet’s specialty is explaining 
some of the rationale behind decisions made 
by aneural network. That information is use- 
ful in determining how important any miss- 
ing data are, what confidence to associate 
with a decision, and how much each in- 
dividual input contributes to the decision. 
KnowledgeNet also comes with a sample 
program, including a neural network, data, 
and rationales for making a variety of de- 
cisions. 

A coprocessor board, the Balboa 860, is 
also available that can speed applications in- 
volving large data sets or pattern recogni- 
tion by up to two orders of magnitude. These 
include signal analysis in such areas as med- 
ical diagnostics, radar, and sonar, and pat- 
tern recognition in industrial process con- 
trol. According to the manufacturer, HNC 
Inc., the products get results faster than 
traditional statistical analysis schemes or 
programming methods. 

Because Balboa 860 brings mainframe 
computer performance to the execution of 
the neural network software, it can increase 
the scope of the modeling and analysis prob- 
lems the user needs to tackle. Built around 
the Intel 860 RISC processor, the Balboa 
860 board has power equivalent to 40 VAX 
machines. 

Until Aug. 30 the introductory price for 
ExploreNet is US $750; for KnowledgeNet, 
$500. Then the prices jump to $1495 and 
$995, respectively. The Balboa 860 is 
$10 950. Contact: HNC Inc., 5501 Oberlin 
Dr., San Diego, Calif. 92121-1718; 619-546- 
8877; fax, 619-452-6524; or circle 101. 


CONS 


Applying memory cards 


An evaluation kit from Databook Inc. can 
help to develop memory card applications in 
a wide range of systems and environments. 
Relying on nonvolatile solid-state memory, 
the credit-card-sized 3-mm-thick cards are 
being used to replace rotating magnetic 
memory in such equipment as notebook 
computers and other consumer and indus- 
trial terminals. 

More than 180 computer, software, and 
semiconductor makers have adopted stan- 
dards developed for the cards by the PC 
Memory Card International Association 
(PCMCIA) in the United States and the Jap- 
anese Electronics Industry Development 
Association (Jeida). 

The US $595 kit includes the kit maker’s 
ThinCardDrive memory card drive, a mem- 
ory card, a connector and mounting hard- 
ware, software that runs on a desktop per- 
sonal computer, and a manual containing 











both hardware and software design informa- 
tion as well as background information on the 
joint U.S. and Japanese standard and gener- 
al ‘‘industry trend’’ information. Contact: 
Pete Robson, Databook Inc., Tower 
Building-Terrace Hill, 112 Prospect St., Itha- 
ca, N.Y. 14850-9952; 716-889-4204; fax, 716- 
889-2593; or circle 102. 


WORKSTATIONS 


Glaring guidelines 


A guide reprinted by the National Lighting 
Bureau, Solving the Puzzle of VDT Viewing 
Problems, addresses the problems and so- 
lutions of video display terminal (VDT) 
screen glare. It explains how different forms 
of glare on the VDT screen prohibit many 
computer installations from achieving the ef- 
ficiency, effectiveness, and productivity they 
could get. It also identifies a range of meas- 
ures that can be taken to reduce the prob- 
lem of screen glare, from applying filters and 
hoods to modifying the workspace environ- 
ment, reorienting workstations, and adjust- 
ing the lighting system. 

The guide is available for US $5. Contact: 
The National Lighting Bureau, 2101 L St., 
NW., Suite 300, Washington, D.C. 20037. 


SOFTWARE 


The power of parallelism 


A new software package for Turbo C, C//, 
allows hundreds of independent run-time 
processes to smoothly cooperate on com- 
mon resources, self-parallel functions, 
queues, lists, events, and time-outs. C// con- 
tains all the C communications and classi- 
cal synchronization mechanisms, along with 
a set of new features, such as a class of semi- 
automatic variables, run-time control vari- 
ables, double access to process arguments, 
stack monitoring, private stacks, and offsets. 
C//’s dynamic priorities and scheduling facili- 
tate interprocess cooperation. 

The package, from Subtlesoft Internation- 
al, can operate over 7000 switches per sec- 
ond on a IBM XT personal computer oper- 
ating under DOS. It provides a natural 
platform for pure object-oriented program- 
ming, along with such common parallel- 
oriented problems as real-time control and 
communication software. 

C// costs US $333, and a demonstration 
kit is available for $33. Contact: Subtlesoft 
International, 4344 Bristol St., Pittsburgh, 
Pa. 15207; 412-521-1158; or circle 103. 





COORDINATOR: George Likourezos 
CONSULIANT, Paul A.T. Wolfgang, Boeing Helicopters 
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The following listings of interest to IEEE members 
have been placed by educational, government, and 
industrial organizations as well as by individuals 
seeking positions. To respond, apply in writing to 
the address given or to the box number listed in 
care of Spectrum Magazine, Classified Employment 
Opportunities Department, 345 E. 47th St., New York, 
NY. 10017. 


ADVERTISING RATES 

Positions open—$34.00 per line, not agency- 
commissionable 

Positions wanted—$34.00 per line, a 50% dis- 
count for IEEE members who supply their member- 
ship numbers with advertising copy 


All classified advertising copy must be received by 
the 25th of month, two months preceding date of 
issue. No telephone orders accepted. For further in- 
formation contact Theresa Fitzpatrick, 212-705-7578. 


IEEE encourages employers to offer salaries that are 
competitive, but occasionally a salary may be offered 
that is significantly below currently acceptable lev- 
els. In such cases the reader may wish to inquire 
of the employer whether extenuating circumstances 
apply. 


eS eT 
Pe Te SE aL) 


Knight Chair in Biomedical Engineering. The Bi- 
omedical Engineering Department, University 
of Miami, invites nominations and applications 
for its new Knight Chair in Biomedical Engineer- 
ing. It is expected that candidates will have an 
outstanding reputation in research, an estab- 
lished record in external funding, and a commit- 
ment to education. A person is sought who 
would establish a strong research link with 
some branch of the University of Miami School 
of Medicine. The Department offers M.S. and 
Ph.D. programs and undergraduate options in 
other branches of engineering. The University 
is located in beautiful Coral Gables, within the 
Miami metropolitan area. Nominations and ap- 
plications with the names of three references 
should be sent to Dr. Eugene Eckstein, Biomed- 
ical Engineering Dept., PO Box 248294, Univer- 
sity of Miami, Coral Gables, FL 33124-0621. The 
University of Miami is an Equal Opportunity/Af- 
firmative Action employer. 





Washington University seeks qualified candi- 
dates for the position of Professor and Chair of 
the Department of Systems Science and 
Mathematics, with a desired starting date of 
July 1, 1992. We are interested in outstanding 
candidates with a strong research record, with 
a dedication to excellence in undergraduate 
and graduate education and with a demonstrat- 
ed potential for administration and leadership. 
Washington University has a long standing 
commitment to the principle that all candidates 
should be afforded equal opportunity regard- 
less of age, race, sex or physical disability. Can- 
didates must send acurriculum vitae and alist 
of references to: Professor C.|. Byrnes, Search 
Committee for the Systems Science and 
Mathematics Chair, Campus Box 1040, 
Washington University, One Brookings Drive, St. 
Louis, MO 63130. 


The Department of Electrical Engineering at 
Colorado State University is seeking candi- 
dates for the Rockwell Optoelectronics Faculty 
position. This new position will be supported by 
industry, private endowments, and the Univer- 
sity. The position will be a tenured or tenure- 
track appointment within the Department. We 
anticipate that the appointment will be for an 
individual who has recently established an out- 
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standing record of research accomplishments 
in optoelectronics or a new graduate who 
shows exceptional promise. Candidates are 
sought in the areas of optoelectronic semicon- 
ductor materials and devices and in optoelec- 
tronic systems, with emphasis on practical im- 
plementation of telecommunication or optical 
computing systems. The position will be affiliat- 
ed with the Center for Optoelectronic Comput- 
ing Systems (an NSF Engineering Research 
Center jointly operated with the University of 
Colorado at Boulder). The new faculty member 
is expected to develop a major research pro- 
gram both through interaction with the existing 
programs in optical and electronic materials 
and devices as well as by development of new 
areas. Applicants should have an earned Ph.D., 
demonstrated research ability, and a strong in- 
terest in undergraduate and graduate teaching. 
Applicants should submit a detailed resume 
with a statement of their professional interests 
and goals, along with the names of three refer- 
ences. Applications will be accepted until Au- 
gust 31, 1991. This deadline may be extended if 
suitable candidates are not found. Additional 
information describing the applicant’s work, 
such as papers or technical reports are wel- 
comed. Please send all application materials 
to: Professor Jorge |. Aunon, Department of 
Electrical Engineering, Colorado State Univer- 
sity, Fort Collins, CO 80523. (303) 491-6600 Fax 
(303) 491-2249, Email: aunon @longs.lance.colo- 
state.edu. Colorado State is an EEO/AA employ- 
er. Office: 314 Student Services Building. 


University of Illinois at Urbana-Champaign. Ap- 
plications and nominations are invited for the 
Grainger Professorship in Electrical and Com- 
puter Engineering at the University of Illinois at 
Urbana-Champaign. The Grainger Professor- 
ship has been endowed by The Grainger Foun- 
dation, Inc. in honor of Mr. W.W. Grainger who 
graduated from the College of Engineering in 
1919. The appointment will be at the rank of 
professor with tenure in the Department of Elec- 
trical and Computer Engineering. The depart- 
ment solicits applications from distinguished 
senior engineers with expertise and research in- 
terests in any of the following or related areas: 
power systems, manufacturing, robotics, intel- 
iigent systems, control systems, and rotating 
machinery. Applicants must have an earned 
Ph.D., outstanding qualifications, and an abili- 
ty to teach effectively at both the graduate and 
undergraduate levels. Selected candidates will 
be expected to initiate and carry out indepen- 
dent research and to perform academic duties 
associated with our B.S., M.S., and Ph.D. pro- 
grams. Starting date is negotiable. Salary open, 
based on qualifications. Send resume, with 
references and a list of publications to: Profes- 
sor Chester S. Gardner, Chair, Grainger Profes- 
sorship Search Committee, University of Il- 
linois, Department of Electrical and Computer 
Engineering, 1406 W. Green Street, Urbana, IL 
61801. (217) 333-2300 The deadline for receipt of 
application materials to receive full considera- 
tion is September 15, 1991. The University of II- 
linois is an Affirmative Action, Equal Opportu- 
nity Employer. 


Dean, School of Engineering. University of Alas- 
ka Fairbanks. The University of Alaska Fair- 
banks invites applications for the position of 
Dean of the School of Engineering. The Univer- 
sity of Alaska Fairbanks is the land, sea and 
space grant campus of the University of Alas- 
ka system and the major center of science and 
engineering research and education. The 
School of Engineering encompasses three un- 
dergraduate academic units (civil, electrical 
and mechanical engineering) and offers gradu- 
ate degrees in these disciplines as well as arc- 
tic engineering, environmental quality en- 
gineering, environmental quality science, en- 
gineering management, and science manage- 
ment. The Institute of Northern Engineering, 
with an annual research budget in excess of two 
million dollars, is the research arm of the 
School and is comprised of the Water Research 
Center, the Transportation Research Center and 
the Engineering Research Center. Enrollment at 
the School of Engineering currently includes 





350 undergraduate majors and 60 full-time 
graduate students with 30 full-time faculty. The 
Dean provides leadership to the faculty and is 
the chief administrator of the School of En- 
gineering and the Institute of Northern En- 
cis, The Dean is also responsible for 
acilitating interactions with other colleges, 
professional schools and research entities. The 
UAF campus overlooks Fairbanks, a thriving 
community of 72,000, rated fourth best small 
community in the nation. Fairbanks offers out- 
standing cultural diversity, unsurpassed natu- 
ral beauty and outdoor recreation, and a friend- 
ly local atmosphere. Fairbanks is a transporta- 
tion hub served by major airlines. Public and pri- 
vate schools in Fairbanks have an excellent 
reputation. Candidates for this position should 
have the following qualifications: —Earned 
doctorate, a significant record of both scholar- 
ly achievement and sustained research activi- 
ty sufficient for appointment at the rank of 
Professor in one of the departments of the 
School (professional engineering registration is 
a consideration), —Ability to build and maintain 
strong academic programs and recruit out- 
standing faculty and students, —Experience in 
academic and research administration, — 
Strong communications and human relations 
skills, —Vision and capability to successfully 
develop academic and research opportunities 
in engineering. Send curriculum vitae; state- 
ment of interest; and names, addresses, and 
phone numbers of five references to: Professor 
Douglas L. Kane, Chair, SOE Dean Search Com- 
mittee, Water Research Center, School of En- 
gineering, University of Alaska Fairbanks, Fair- 
banks, AK 99775-1760. Phone (907) 474-7808, 
FAX (907) 474-6087. Screening of applications 
will begin 15 July 1991. The anticipated starting 
date for the position is October/November, 1991. 
The University of Alaska is an Affirmative Ac- 
tion, Equal Opportunity Employer and educa- 
tional institution. 


The Center for High Technology Materials 
(CHTM) at the University of New Mexico invites 
applications for a tenured/tenure track faculty 
position in Optoelectronics. The specific area 
of expertise desired is metal organic chemical 
vapor deposition (MOCVD) of III-V compound 
semiconductor materials. The successful appli- 
cant will work with an existing growth group 
and other optoelectronics faculty to design 
growth processes for new optoelectronic 
devices and would also be expected to estab- 
lish an independent research program. CHTM 
presently has one state-of-the-art MOCVD ma- 
chine and is in the process of acquiring a sec- 
ond one. On-going research in the Center in- 
cludes vertical cavity surface-emitting lasers, 
laser diode arrays, visible laser diodes, and high 
efficiency semiconductor laser pumps for solid- 
state lasers. Rank and salary will be commen- 
surate with qualifications and experience. Send 
resume and list of three (3) references to: Dr. 
Brueck, Director of CHTM, University of New 
Mexico, Albuquerque, NM 87131, before August 
1, 1991. The University of New Mexico is an 
Equal Opportunity/Affirmative Action Employer. 


The Department of Systems Design Engineering 
at the University of Waterloo is seeking appli- 
cants for tenure-track positions preferably at 
the rank of Assistant Professor, to begin em- 
ployment during 1991-1992 period. The depart- 
ment is interdisciplinary with a diverse range of 
teaching and research activities which include 
human systems, societal and environmental 
systems, systems modelling analysis and de- 
sign, and intelligent systems. The applicants 
should have a Ph.D. in Engineering and re- 
search interests in one or more of the following 
fields: 1) Engineering Systems Theory with em- 
phasis in one or more of the following areas: 
control systems, intelligent systems, modelling 
and simulation, or system integration and de- 
sign; 2) Societal and Environmental Systems 
with emphasis in one or more of the following 
areas: stochastic and statistical modelling and 
analysis, optimization, resource allocation, or 
decision analysis; 3) Environmental System En- 
gineering with emphasis in one or more of the 
following areas: energy and resource systems 
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READER GUIDE TO PRODUCTS AND SERVICES 


“STRENGTH THROUGH 
TECHNOLOGY” POSTER 


JEEE-United States Activities (IEEE-USA) has 
designed and printed a 20-inch-by-30-inch five- 
color poster based on the recent full-page ads run 
in newspapers after the Persian Gulf War. The at- 
tractive poster features an American eagle and 
states, ‘STRENGTH THROUGH TECHNOLOGY... 
The quarter-million U.S. members of IEEE will do 
their part to enhance United States competitiveness 
in high technology commercial products and 
services.’’ 


For information about how to order the poster, CIR- 
CLE # 71 on the Reader Service Card. 


IEEE 
ENGINEERING MANAGEMENT 
SOCIETY MEMBERSHIP 


Membership in the IEEE Engineering Management 
Society (EMS) is intended to facilitate the transi- 
tion of engineering professionals to management and 
contribute to their continued development as 
managers. Successful managers can keep current 
on topics in engineering management and related 
disciplines. Among the many topics EMS has pur- 
sued through recent periodic publications and con- 
ferences are technology transfer, new product de- 
velopment, organization performance, manufac- 
turing quality and productivity, project risk analysis, 
and technical growth in Eastern Europe and the 
Pacific Rrim. 

EMS offers a resource for engineers aspiring to 
management as well as for established managers 
who want to continue to perform effectively. Through 
the local EMS Chapter programs and general Soci- 
ety events, members can develop a global network 


of contacts and become informed on local happen- 
ings. 

EMS would like to include you among its 10 000 
current members. What do they know that you 
don’t? 

Keep informed! Stay in the loop. Join EMS. 
For more information, CIRCLE # 72 on the Reader 
Service Card. 


AUTOTESTCON ’91—OUR 27TH YEAR!!! 


The SYSTEMS READINESS 
TECHNOLOGY Conference 


SEPTEMBER 23-26, 1991 
DISNEYLAND HOTEL—ANAHEIM, CALIF. 
SPONSORED BY THE IEEE 


Our theme for this year’s conference, ‘Improving 
System Effectiveness in the Changing Environment 
of the 90s,’’ has become extremely timely and ap- 
propriate as a result of the Persian Gulf crisis that 
fortunately is now behind us. 

AUTOTESTCON '91 will focus on the technology 
applicable to system readiness and on the various 
ways to achieve that readiness in a cost-effective 
manner. We seek to explore new methods to improve 
system effectiveness in our ever-changing military 
and commercial environments and hope that you will 
join us in this challenge. 

The conference will feature exhibits, displays, and 
demonstrations of state-of-the-art automatic test 
equipment (ATE) as well as diagnostic and software 
systems. Our technical program will cover the fol- 
lowing topics and issues: 
¢ TECHNOLOGY TRENDS—Emerging technologies, 
high speed/high density digital, VXI standards, ex- 
pert systems, test languages, integrated diagnos- 


tics, and testing techniques. 

¢ INFORMATION TRENDS—Computer-aided Acqui- 
sition Logistics Support (CALS), Society of Logis- 
tics Engineers (SOLE), paperless/pageless environ- 
ments, and computer-integrated repair. 

@ DEPARTMENT OF DEFENSE (DOD) INITIATIVES— 
Streamlining defense, TQM, contract administration, 
and public/private contracting. 

© ON-PLATFORM SUPPORT—DOD prime- and sub- 
contracting, as well as commercial. 

© OFF-PLATFORM SUPPORT—Evolving DOD re- 
quirements, hydraulic testing, factory/depot ATE, 
and planning/requirements/management. 


For information, contact AUTOTESTCON ’91, 150 S. 
Los Robles Ave., Suite 350, Pasadena, Calif. 91101, 
818-577-7100; or CIRCLE # 73 on the Reader Ser- 
vice Card. 


1991 SALARY AND 
FRINGE BENEFIT SURVEY 


How does your income compare with the salaries 
and benefits offered by other employers in the United 
States? The all-new 1991 IEEE U.S. Membership 
Salary and Fringe Benefit Survey provides the an- 
swers. You'll get definitive information on salaries 
by parameters such as experience, degree, super- 
visory level, geographic area, and technical exper- 
tise as well as details on pensions and retirement 
plans, 401K plans, and vacation leave. 

IEEE member price is $74.95 (plus $5.00 for post- 
age and handling and local sales tax where applica- 
ble); nonmember price is $99.95. 


To order, call 1-800-678-IEEE and refer to product 
# UH 0185-9. For more information, CIRCLE # 74 
on the Reader Service Card. 
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IEEE Standards Seminars 


In today’s sophisticated world of information pro- 
cessing, a full range of competitively priced state- 
of-the-art information-processing systems has been 
developed to satisfy the spectrum of application re- 
quirements. The availability of these systems has 
led to the predominance of multivendor systems 
environments—and with it, the urgent demand for 
multivendor connectivity, system interoperability, 


In response to these industry-driven require- 
ments, Local-Area Network (LAN) and UNIX R- 
based open systems architectures have emerged. 
Their growing popularity fostered the need for in- 
dustry standards—and the IEEE responded. 


AVAILABLE THIS FALL 
IEEE LAN and POSIX Seminars 
Offered by the developers of the industry 


For more information on the IEEE’s Local-Area Net- 
work Seminar and the IEEE’s POSIX Seminar, please 
CIRCLE # 75 on the Reader Service Card. 


ELECTROTECHNOLOGY 


1992 U.S. R&D BUDGET 


This 13-page report prepared for the IEEE-United 
States Activities’ (IEEE-USA’s) Technology Policy 
Council provides an overview of the Bush adminis- 
tration’s Federal Fiscal Year (FY 1992) budget re- 
quest for research and development. In addition to 
outlining issues that will influence congressional 
consideration of the budget request, the report high- 
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lights proposed funding for electrical and electronics 
technology programs in the Department of Defense 
(DOD), the Department of Energy (DOE), the National 
Aeronautics and Space Administration (NASA), the 
National Science Foundation (NSF), and the National 
Institute of Standards and Technology (NIST). 


For a complimentary copy, CIRCLE # 76 on the 
Reader Service Card. 
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BROAD SCOPE PERIODICAL 


IEEE Circuits & Devices magazine is now available 
to all IEEE members. Issued bimonthly by the Cir- 
cuits and Systems, Electron Devices, and Lasers and 
Electro-optics Societies, the magazine offers new 
technical and applied papers on timely topics and 
provides information on new products, new litera- 
ture, Society news, and a calendar of events. $20.00 
a year to IEEE members. 


For more information, CIRCLE # 77 on the Reader 
Service Card. 















IEEE’s First 
Worldwide Member Opinion Survey 
Now Available 


The IEEE’s 1990 Member Opinion Survey is now 
available to the public. The survey is an unprece- 
dented worldwide effort by the IEEE to study profes- 
sional, academic, and intellectual activities of all its 
members. Previous IEEE surveys were limited to 
members in the United States. 

Among the IEEE-United States Activities programs 
most important to respondents were professional 












its progress so far. 
Product No. HV0164-4 





Standard: NTSC, PAL 


Member Price: $59.95 


Service Card. 





BUSINESS REPLY MAIL 


POSTAGE WILL BE PAID BY ADDRESSEE 


IEEE 


SPECTRUM 


READER SERVICE MANAGEMENT DEPT. 
PO BOX 5149 
PITTSFIELD, MA 01203-9740 


publications, meetings, workshops, and programs 
influencing employer practices, the business cli- 
mate, engineers’ public image, and Federal policy. 
A majority of respondents, both in and outside the 
United States, urged the IEEE to exert increasingly 
more influence as a worldwide technical leader. 
The 260-page 1990 /EEE Member Opinion Sur- 
vey may be purchased through the IEEE Service Cen- 
ter. Cost is $7.50 for members, $19.95 for non- 


For information on ordering, CIRCLE # 78 on the 


NEW VIDEO TUTORIALS 


EUROPEAN COMMUNITY 1992 
Presented by Deborah Flaherty Kizer 
AT&T International 
Any company concerned with the future of its over- 
seas trade cannot afford to ignore the progress that 
the European Community has made toward a uni- 
fied market. The goal of the 12 member states—to 
achieve a true single market without barriers to the 
movement of goods, services, capital, and people— 
is scheduled to come to fruition in 1992. This pro- 
gram explores the ways U.S. businesses can pre- 
pare for 1992, and it discusses the factors that 
provided the impetus for the European program and 


Recording Date: August 1990 
Run Time: 40 min/1 VHS Tape 


List Price: Available only to IEEE members 


For more information, CIRCLE # 79 on the Reader 
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modelling and analysis, risk and reliability anal- 
ysis, environmental impact, or policy develop- 
ment; experience in engineering applications 
and design is highly desirable. The successful 
applicants will be expected to teach basic 
courses in the engineering sciences and 
mathematics as well as senior level and gradu- 
ate courses in areas of expertise. Applications 
with complete curriculum vitae and the names 
of three references should be sent to Professor 
M. Chandrashekar, Chairman, Department of 
Systems Design Engineering, University of 
Waterloo, Waterloo, Ontario, Canada, N2L 3G1. 
In accordance with Canadian Immigration re- 
quirements, this advertisement is directed to 
Canadian citizens and permanent residents. 
The University of Waterloo encourages applica- 
tions from qualified women and men, members 
of visible minorities, aboriginal peoples, and 
persons with disabilities. 


New Mexico State University. Tenure and nonte- 
nure faculty positions at all professorial and in- 
structor levels are expected to be available with 
the Department of Electrical and Computer En- 
gineering. A Ph.D. in EE or ECE is required for 
the professorial ranks and instructor positions 
are available for qualified doctoral students 
only. Applications from all areas within EE and 
ECE will be considered. Send them to Dr. M. Don 
Merrill, Head, Electrical and Computer En- 
gineering Department, Box 30001, Dept. 3-0, 
New Mexico State University, Las Cruces, NM 
88003. Initial screening will begin July 1, 1991, 
however, applications will continue to be ac- 
cepted and evaluated until positions are filled. 
Positions contingent on eligibility for employ- 
ment in the U.S. New Mexico State University is 
an equal opportunity/affirmative action em- 
ployer. 


Post-Doctoral Fellow: The Communication 
Sciences Laboratory at Simon Fraser Universi- 
ty in Greater Vancouver has a post-doctoral 
opening for research in combined speech and 
channel coding for digital mobile communica- 
tions. Candidates should have extensive re- 
search experience in at least one of the follow- 
ing areas: speech coding, channel coding and 
modulation, and mobile communications. The 
appointment is for one year and can be renewed 
for another year. The annual salary is in the 
neighborhood of CDN $25,000. To apply, please 
send a resume, with names and addresses of 
three referees, to Dr. Paul Ho, School of En- 
gineering Science, Simon Fraser University, 
Burnaby, B.C., Canada V5A 1S6. 


Dean, College of Engineering, University of 
Wisconsin-Platteville. The Dean is the chief ex- 
ecutive and academic officer of the College and 
reports to the Vice Chancellor. The College is 
dedicated to undergraduate education and has 
42 faculty, 1400 students and ABET accredited 
programs in Civil, Electrical, Industrial, and 
Mechanical Engineering. The ideal candidate 
must have a PhD in Engineering or a related 
field. At least one degree must be in Engineer- 
ing. In addition, the candidate must have 
demonstrated outstanding administrative and 
teaching experience with abilities to establish 
industrial, alumni and community relations. 
Professional registration and commitment to 
working effectively with industry, research and 
fund-raising are desirable. The ability to work 
with and recruit from a diversified population 
is essential. The position is available as early 
as September 1, 1991. For consideration, please 
submit a letter of application, resume and 
names, addresses and phone numbers for three 
references to: Dr. Kenneth Buttry, Chair, Dean 
Search and Screen, University of Wisconsin- 
Platteville, Platteville, WI 53818. Women and 
minorities are especially encouraged to apply. 
UW-Platteville is an affirmative action, equal op- 
portunity employer. 


Faculty Positions— University of Notre Dame. 
The Department of Computer Science and En- 
gineering at the University of Notre Dame in- 
vites applications for tenure track faculty posi- 
tions at all ranks. Applicants should have a doc- 
torate in Computer Science, Computer En- 
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gineering, Electrical Engineering, or a related 
field. Candidates in all research areas are invit- 
ed to apply. However, areas of particular in- 
terest within the Department are Parallel and 
Distributed Computing, Parallel Architectures, 
and VLSI. Applicants should have abilities and 
interests in teaching at the undergraduate and 
graduate levels, advising students, and con- 
ducting research. Rank and salary are negotia- 
ble. Interested persons should forward a com- 
plete resume, together with the names, address- 
es, and telephone numbers of at least three 
references, to: Dr. Steven C. Bass, Chairman, 
Department of Computer Science and En- 
gineering, University of Notre Dame, Notre 
Dame, IN 46556. The University of Notre Dame 
is an Affirmative Action/Equal Opportunity Em- 
ployer. 


Graduate Research Assistantships are availa- 
ble in electrical engineering at the University of 
New Mexico Center for High Technology Materi- 
als. Research activities include development 
and application of metal-organic chemical va- 
por deposition for infra red and visible diode la- 
ser materials. Entry level M.S. and Ph.D. candi- 
dates will be considered. Must have strong 
technical background with industrial ex- 
perience preferred. Send resume to Prof. C.F. 
Schaus, Rm L216B, University of New Mexico, 
Albuquerque, NM 87131. 


The Electrical Engineering-Electrophysics 
Department of the University of Southern 
California invites applications for tenure-track 
faculty positions in Antennas and Applied Elec- 
tromagnetics, Quantum Electronics, Photonics, 
Lasers and Optics, Optoelectronics, VLSI Cir- 
cuits and Systems, and Power System Devices. 
Candidates must have Ph.D. and strong interest 
in teaching, research, and supervising M.S. and 
Ph.D. candidates. Resume and names of three 
references should be sent to Prof. H.H. Kuehl, 
Chair, EE-EP, PHE 604, University of Southern 
California, Los Angeles, CA 90089-0271. 


The Center for Telecommunications Research 
(CTR) at Columbia University has an opening for 
an associate research scientist position. Ph.D. 
in Electrical Engineering or Computer Science 
is required. The successful candidate is expect- 
ed to focus on object-oriented distributed data- 
base and operating system aspects of the traf- 
fic control architecture of giant integrated net- 
works. Strong track record in software for 
ultrahigh-speed networks and real-time sys- 
tems is a plus. Knowledge of Transputers is 
desirable. Send resumes to: Aurel A. Lazar, Cen- 
ter for Telecommunications Research, Colum- 
bia University, New York, NY 10027. Columbia 
University is an Equal Opportunity Employer. 


Graduate Research Assistants. The Center for 
Microelectronics Research (CMR) at the Univer- 
sity of South Florida is seeking graduate re- 
search assistants to support research activities 
in the areas of microelectronic materials and 
defects, semiconductor processing, and 
VLSI/ULSI architecture, circuit design and test. 
Successful applicants will be required to pur- 
sue a PhD Program in E.E., Computer Science, 
or Physics. Stipends are available in the range 
of $12K to $16K (half time) for a full calendar 
year with tuition waivers available. Applicants 
must have an excellent academic record anda 
minimum of a Bachelors degree in an appropri- 
ate discipline. CMR research funding totals 
nearly $10M over the past two years with prima- 
ry support coming from state, DOD and indus- 
trial funding sources. USF is an Affirmative ac- 
tion/equal opportunity employer. Requests for 
information or resumes should be directed to 
Dr. Earl Claire, Acting Director, CMR/USF Col- 
lege of Engineering, 4202 Fowler Ave., Tampa, 
FL 33620. (813) 974-2096. 


Biomolecular Engineering, College of Engineer- 
ing and Technology, Ohio University. Applica- 
tions are invited for a tenure track faculty posi- 
tion in Biomolecular Engineering at the rank of 
Assistant Professor. Applicants should have a 
Ph.D. with an outstanding academic record in 
an engineering or related discipline. The suc- 
cessful candidate will participate with an active 
group in extending the Biomolecular Engineer- 
ing area within the College of Engineering and 
Technology and develop a research program of 
national recognition on the synthesis of recom- 
binant proteins and peptides, their large scale 





production and separation. A strong commit- 
ment to both undergraduate and graduate edu- 
cation is expected. Ohio University has an es- 
tablished, internationally renown program in 
Molecular and Cellular Biology which, togeth- 
er with the Edison Animal Biotechnology Cen- 
ter, provides a unique opportunity for the foun- 
dation of a highly successful Biomolecular En- 
gineering Program. A special new building to 
house the program is already in the planning 
stage and the new faculty will have the oppor- 
tunity to work closely with architects to provide 
a state-of-the-art engineering facility. Substan- 
tial start-up funds are available. A resume, a 
brief summary of research experience and 
plans and names of at least three references, 
should be sent to Prof. W.P. Jepson, Chairman 
of Chemical Engineering Department, Stocker 
Center, Ohio University, Athens, Ohio 45701. Ap- 
plications will be accepted until September 
15 1991, or until position is filled. Ohio Univer- 
sity is an Equal Opportunity and Affirmative Ac- 
tion Employer. 


The University of Saskatchewan invites appli- 
cations for a tenure track position in the Depart- 
ment of Electrical Engineering. Appointments 
are normally made at the Assistant Professor 
level. The candidate will join the Communica- 
tions Research Group and will work with 
NSERC Chair in Communications. Preference 
will be given to candidates in the field of digi- 
tal communication with specialization in RF, 
Microwave or Optical circuits/systems. Alterna- 
tively, candidates in coding, modulation or 
equalization theory for communication chan- 
nels will be considered. Applicants must hold 
an earned Ph.D. degree and have demonstrat- 
ed potential for teaching at the undergraduate 
and graduate levels and for developing an in- 
dependent research program. The Department 
offers programs leading to B.E., M.Eng., M.Sc., 
and Ph.D. degrees. There are approximately 150 
undergraduate and 60 graduate students in the 
Department and excellent research facilities. 
Curriculum vitae, a list of three referees anda 
statement of research interest should be ad- 
dressed to: Dr. M.S. Sachdev, Head, Department 
of Electrical Engineering, University of 
Saskatchewan, Saskatoon, Canada, S7N OWO. 
Applications must be received by September 
30, 1991. The expected appointment date is 
January 1, 1992. In accordance with Canada Im- 
migration regulations, this advertisement is 
directed in the first instance to Canadians, but 
other qualified candidates are also encouraged 
to apply. 


George Mason University. The Center of Excel- 
lence in Command, Control, Communications, 
and Intelligence (C3l) was established by Dr. 
Harry L. Van Trees at George Mason University 
two years ago. The Center is an interdisciplinary 
research center within the School of Informa- 
tion Technology and Engineering that is com- 
mitted to the establishment of an intellectual 
basis for the investigation and application of 
C3I principles in the context of federal, military, 
industrial, and commercial environments. The 
Center conducts a broad spectrum R&D pro- 
gram including projects in sensing and data fu- 
sion, image compression, neural networks, 
command support systems, automated plan- 
ning, communications networks, signal pro- 
cessing, adaptive arrays, multilevel security, C3 
architectures, Petri nets modeling and simula- 
tion, photonics, software engineering, and cor- 
porate information management systems. Cur- 
rently 22 faculty and 50 graduate students are 
associated with the Center, and research 
awards will exceed 5 million dollars this year. 
The majority of the Center faculty has academ- 
ic appointments in one of the five departments 
in SITE and research appointments in the C3l 
Center. Three types of appointments are cur- 
rently available. Tenure track and tenured ap- 
pointments are available in the Systems En- 
gineering Department. Applicants must have a 
Ph.D. plus a minimum of 5 years experience in 
one of the following areas: sensor and data fu- 
sion, structured analysis techniques, or model- 
ing and simulation. Tenure track appointments 
are available in the Electrical and Computer En- 
gineering Department. Applicants must havea 
Ph.D. with emphasis in computer systems ar- 
chitecture, VLSI, or communications. Post- 
doctoral and research faculty appointments are 
available in any of the areas listed above. Ap- 
plicants should send a complete resume in- 
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dicating the position for which they are apply- 
ing and include the name and address of three 
references to Dr. Harry L. Van Trees, Director, 
C3l Center, George Mason University, 4400 
University Drive, Fairfax, Virginia 22030. George 
Mason University is an equal opportunity/af- 
firmative action employer, and actively seeks 
the candidacy of women and minorities. 


Government/Industry Positions Open 


Electrical and Computer Engineers—Fish & 
Neave is a nationally known intellectual prop- 
erty law firm of over 100 lawyers located in mid- 
town Manhattan. We are seeking graduate stu- 
dents or practicing engineers, preferably with 
advanced degrees, in the areas of electrical en- 
gineering and computer technology who are in- 
terested in the field of patent law for our Patent 
Agent Trainee program. We offer full-time em- 
ployment, in which we train the individual to 
prepare and prosecute patent applications and 
perform other tasks relating to our practice, in- 
cluding litigation, while attending night law 
school in the New York City area. Salary: Not 
less than $55,000/yr. Benefits: Full law school 
tuition; full medical benefits; four weeks paid 
vacation. Send resumes to Deirdre M. Rogan, 
Recruitment Coordinator, Fish & Neave, 875 
Third Avenue, New York, NY 10022-6250. 


Senior Systems Engineer needed to direct, 
coordinate, design, and develop computer hard- 
ware and software in the areas of signal pro- 
cessing, high speed data acquisitions and pro- 
cess control. Plan and formulate engineering 
programs and organize project staff according 
to project requirements utilizing Digital Equip- 
ment and DEC hardware, and computer lan- 
guages including C, UNIX/XENIX, and UNI- 
FY/ACCELL, RDRMS. Assign project personnel 
to specific phases or aspects of project, such 
as technica! studies, product design, prepara- 
tion of specifications and technical plans, and 
product testing. Evaluate and approve design 
changes specifications, and design releases. 
Review product design for compliance with 
software and hardware engineering principles, 
company standards, and customer contract 
specifications. Requires a Bachelor’s degree in 
Electrical Engineering and two years ex- 
perience in job offered or two years directly 
related experience using the UNIFY/ACCELL 
and UNIX/XENIX Systems. 40 hour work week. 
$40,000 per year. Apply at the Texas Employ- 
ment Commission, Dallas, Texas, or send re- 
sumes to the Texas Employment Commission, 
TEC Building, Austin, Texas 78778. Job Order 
#6342744. Ad paid by an Equal Employment Op- 
portunity Employer. 


Transformer Design Engineer—Design of 
10-1300 MVA power transformers. Compose in- 
structions to drafting department for prepara- 
tion of manufacturing and user drawings. Draft 
instructions to manufacturing facilities for de- 
sign testing and processing. B.S. required in 
Electrical Engineering. Must know transient 
analysis of capacitive-inductive circuits; ther- 
mal calculations; determination of magnetic 
shielding; short circuit modeling; field plotting 
techniques; and insulation of high voltage die- 
lectric structures in power transformers. 40 
hrs./wk. 8 a.m.—5 p.m. $38,400/yr. Send resume 
with Social Security number to Indiana State 
Employment & Training Services, 10 North Sen- 
ate Avenue, Indianapolis, IN 46204 Attention 
W.F. Shepherd. Refer to |.D. 3288157. 


Automation Systems Engineer—For Roanoke, 
VA. area Emp. Resp. for auto. eng. for metals ind. 
process control sys. Duties inc. comp. sys. re- 
quirement analysis, software functional def. 
and design specs., software eng. for real time 
ind. control funcs., sys. integration and func. 
testing, & factory support of auto. installations 
in metals ind. Must have M.S. or equiv. in Elec. 
Eng. w/6yrs. wrk. exp. in metals ind. auto. eng. 
Must have exp. w/VAX/VMS comp. sys. 
hdw./sftw. & prof. in Fortran and ADA prog. 
lang., sftw, eng. methodology and metals pro- 
cesses and operation. 40 hrs./wk. Hrs. 8:00-4:45, 
$37,200/yr. No OT. To apply: mail or hand carry 
Res. wicopy of Ad. to: VEC, Dept. 3008, 1202 
Franklin Rd., Roanoke, VA 24002-0061, J.O. # 
VA0021283. EEOE. 
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Automotive Product Engineer with an Engineer- 
ing Consulting firm. Duties include design, de- 
velopment, and testing of electronic engine 
control systems for gasoline fueled vehicles; - 
develop and analyze technical data by testing 
of vehicle components and systems; -design 
and develop test procedures and programs, or- 
ganize and schedule testing; -formulate en- 
gineering conclusions and make recommenda- 
tions; -evaluate proposed engine control sys- 
tems; -write technical reports; -extensive use of 
personal computer for above functions. Re- 
quires a Bachelor’s Degree in Electrical En- 
gineering to include at least one course, or proj- 
ect in electronic engine control systems. Also 
requires five years experience in the job offered 
or five years experience as an electrical en- 
gineer, work experience to include development 
of electronic control systems. Hours are from 
7:00 a.m. to 3:45 p.m., forty per week. Salary is 
$38,000 per year. Send resume to 7310 Wood- 
ward, Room 415, Detroit, MI 48202. Refer to 
#33491. 


Engineering—Senior Manufacturing Systems 
Engineer. Responsibilities include the follow- 
ing four projects: 1) Automated Material Han- 
dling Expansion—support development of sys- 
tem configuration (AGVS systems, Stocker sys- 
tems, and robotics) through use of simulation 
design engineering tools, validate designs 
through computer simulation and other analyt- 
ic tools, and help ensure system meets user re- 
quirements; 2) PRI Intrabay Robotics—help 
prove the technical viability of using PRI robot- 
ic system for future intrabay automated mate- 
rial handling projects through system perfor- 
mance verification, software integration, and 
acceptance testing of the monorail system, the 
stocker systems and robotics; 3) Automated 
Material Handling—support development of 
system configuration (Monorail systems, AS/RS 
systems, and SWRs) through simulation design 
engineering tools, validate design through com- 
puter simulation and other analytic tools, and 
provide expected performance indicators; and 
4) Interbay Intrabay Automated Material Han- 
dling - support project team in defining ap- 
propriate robotic transportation systems and 
storage systems for sub-micron fab, perform 
value engineering and systems engineering 
functions on potential design options through 
simulation technology. Requires Ph.D. in Indus- 
trial Engineering. Requires background in simu- 
lation engineering with emphasis in manufac- 
turing. Knowledge of C and/or Lisp, and one ma- 
jor simulation language required. Knowledge of 
UNIX operating system essential. Requires aca- 
demic or practical background in design of ex- 
periments, simulation model development, 
verification, and validation of model results, as 
well as object-oriented programming skills in 
simulation with special emphasis in 
manufacturing-based simulators. Must be able 
to market technical ideas effectively. 
$4,475.00/month; 40 hours/week. Place of em- 
ployment and interview: Chandler, Arizona. If 
offered employment, must show legal right to 
work. Clip ad and send with resume to Job. No. 
$719. PO. Box 58-119, Mailstop GR1-57, Santa 
Clara, California 95052-58119, not later than 
July 11, 1991. The Company is an equal oppor- 
tunity employer and fully supports affirmative 
action practices. 


Executive Officer: 60/to full-time position (start 
1/1/92) in nonprofit technical society. Atten- 
dance (expenses pd) at 10/30/91 meeting in 
Orlando required. Candidate must have ex- 
perience as manager of nonprofit technical so- 
ciety, as volunteer in same, or as administrator 
in technical area. Advanced degree and knowl- 
edge of IEEE procedures and Biomedical En- 
gineering desirable. Flexible working hours and 
location. Major equipment provided. Contract 
position. Send enquiries to IEEE/EMBS, PRO. Box 
2477, Durham, NC 27715 by 8/15/91. 


Sr. Technology Engineer. Resp. for developing 
new process flows for each new generation of 
BICMOS technology & defining reqs. for new 
process steps needed. Work involves applica- 
tion of semiconductor materials & device 
characterization techniques for identification 
of device parameters & technology limitations; 
design & execution of experiments for process 
& device optimization; support of process trans- 
fer to production; identification of technology 
related factors limiting production yield; & 





recommendation of solutions to production 
difficulties associated with technology. Reqs. 
Ph.D. in Elec. Engrg. & 1 yr. exp. in job offered 
or in research & development related to semi- 
conductor materials & devices. Also reqs. 
knowl. of semiconductor characterization tech- 
niques in general, & specifically with dopant 
profiling methods, electron microscopy, & elec- 
trical characterization of devices; exp. with 
semiconductor processing, in particular as ap- 
plied to fabrication of BIPOLAR devices; & 
know. of process, device, & circuit simulation, 
& device parameter extraction. Salary: 
$53,000/yr. Job & interview site: San Jose, CA. 
Send ad with resume to PO Box 641392, San 
Jose, CA 95164-1392 not later than July 31, 1991. 


Project manager for NE Ohio engineering firm 
to design and develop electrical distribution 
systems and communications systems for in- 
ternational commercial, industrial and residen- 
tial engineering projects utilizing both the U.S. 
National Electrical Code and the British Stan- 
dard Specifications. Consult with local authori- 
ties with regard to code requirements and regu- 
lations. Purchase all electrical materials and 
components used in projects. Prepare main- 
tenance manuals and instruct clients’ main- 
tenance engineers in system functions and 
maintenance. Supervise integration and com- 
pletion of projects. 4 yrs. experience in electri- 
cal engineering; MS degree in Electrical En- 
gineering. Degree must have included one 
graduate level course each in Power Systems, 
Theory of Electric Machines, and Control En- 
gineering. Must be able to travel to middle East 
and Africa, travel not to exceed 40/of time. Must 
be able to speak, read, and write Arabic. Ex- 
perience must have included 1 yr. working with 
British Standard Specifications. Mon-Fri, 
8am-4:30pm, $40,190/yr. Must have proof of le- 
gal authority to work permanently in U.S. Send 
resume in duplicate (No Calls) to S. Holton, JO# 
1239970, Ohio Bureau of Employment Services, 
PRO. Box 1618, Columbus, Ohio 43216. 


Electronics Design Engineer—A leading Chica- 
go area manufacturer of high quality, precision 
electronics components for the medical elec- 
tronics marketplace is seeking a senior elec- 
tronics design engineer. This position will in- 
volve the design of analog and microprocessor 
based equipment from specifications. Ex- 
posure to audio design would be helpful. In ad- 
dition to project level design responsibilities, 
this key individual will provide technical 
manufacturing support to existing products. As 
you might expect, we need a BSEE degreed in- 
dividual with about 5-10 years of solid, micro- 
electronics, product development experience. 
Since this is a senior level position we need 
someone with excellent analytical abilities 
along with practical troubleshooting skills. This 
position offers an opportunity to work within a 
sophisticated and advanced technical environ- 
ment along with a competitive compensation 
and benefit package. Please send a resume in 
confidence to: IEEE Spectrum, Box 91-02, 345 
East 47th Street, New York, NY 10017. Equal Op- 
portunity Employer m/f. 


Project Engineer for rate responsive cardiac 
rhythm control devices to direct 3-4 design, 
mech. & tech. engineers on the design & de- 
velopment of advanced implantable rate 
responsive pacemakers/defibrillators & aux- 
iliary equipment: assigns each to specific 
phase or aspect of project. Responsible for 
planning, organization, control, integration & 
completion of project; oversees development of 
tech. product specs while negotiating with mar- 
keting staff. Serves as R&D liaison to clinical, 
regulatory affairs, marketing & manufacturing 
to provide tech. engineering support, interpre- 
tation of test results & ensure compliance with 
FDA. Evaluates & approves design changes, 
specs & drawing releases; coordinates activi- 
ties re: tech. developments, scheduling, & 
resolving engineering design & test problems; 
prep. of interim & completion project reports; 
controls expenditures within limit of project 
budget. Requires: B.S. degree in Electrical En- 
gineering; 2-3 yrs. exp. in above duties or 3-5 yrs. 
as Electrical Design Engineer for implantable 
cardiac life support systems with emphasis on 
design of integrated circuits; working knowl- 
edge of cardiac pacemaker & defibrillator tech- 
nology, rate-responsive technology & princi- 
ples, high reliability requirements for implant- 
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EMPLOYMENT OPPORTUNITIES 


able cardiac life support systems, cardiac elec- 
trophysiology & pathology & physiology, tele- 
metry systems for programming pacemakers, 
automated design tools, & software program- 
ming in “C” & “assembly” language. Salary: 
$51,000 per yr. 40+ hrs. per wk. Application by 
resume. Send resume to: Colorado Dept. of La- 
bor & Employment, 600 Grant Street, Suite 900, 
Denver, CO 80203-3528. Referring to J.O. 
CO3195441. 


Systems Consultant Engineer for industrial 
software service and system integration com- 
pany in NE Ohio. Design computer integrated 
manufacturing system, e.g. process control, au- 
tomatic control manufacturing facilities and 
management information systems for industri- 
al clients; analyze client’s requirements to de- 
fine control objectives, establish control sys- 
tem models, develop control strategies and im- 
plement control systems using programmable 
logic controllers, process computers and dis- 
tributed control systems, which includes 
specification of hardware components and 
software packages, design applications soft- 
ware and development of communications net- 
work for the control system, testing documen- 
tation and supervise installation. Must have 
M.S. in systems engineering or electrical en- 
gineering. Applicant must have 1 year ex- 
perience in the job described. In lieu of 1 year 
experience in the job described, applicant may 
have 1 year training or work experience or any 
combination thereof using programmable con- 
trollers. This training or work experience may be 
gained before during or after degree. Applicant 
must also have at least one graduate level 
course in each of the following: fundamentals 
and techniques of static and dynamic optimi- 
zation, industrial process control and one un- 
dergraduate course in drive control systems, 
microprocess computer control technology. 40 
hrs/wk 8-12am 1-5pm Mon-Fri, $35,500 per an- 
num. Must have proof of legal authority to work 
permanently in U.S. Send resume in duplicate 
(no calls) to S. Holton, JO#1255718 Ohio Bureau 
of Employment Services, PO Box 1618, Colum- 
bus OH 43216. 


Government/Industry. Position Wanted 


Innovative & versatile Ph.D. (Power & System 
analysis), 30 years experience in Utility R&D 
(Systems, reliability, economics, HV, & high cur- 
rent), Govt. agency, Regulation, and steel indus- 
try, several publications: seeks Utility/Consult- 
ing Engineering/Industry/R&D, or academic po- 
sition. Responses to: IEEE SPECTRUM, Box 
91-01, 345 East 47th Street, New York, NY 10017. 





Invest 


In 
Futures. 


America’s future is its chil- 
dren. The Boys & Girls Cluto 
helps our children achieve 
success for themselves and 
for America. Make a contri- 
bution today, so they can 
make one tomorrow. 


qQ’ 


BOYS & GIRLS CLUB 


CLASSIFIED ADVERTISING 








NANYANG TECHNOLOGICAL UNIVERSITY 
Singapore 
(To be established on 1 July 1991) 


SCHOOL OF APPLIED SCIENCE 


In July 1991, the Nanyang Technological Institute (NTI) will be reconstituted and renamed the Nanyang 
Technological University (NTU). It will conducta wide range of courses at degree and postgraduate levels. 


The School of Applied Science currently offers undergraduate degree courses in COMPUTER 
TECHNOLOGY and MATERIALS ENGINEERING. Applications are invited from suitably qualified 
persons to fill teaching positions in the following areas. 






COMPUTER TECHNOLOGY 
1. Microprocessor-Based System Design 














. Image Processing/Computer Vision 


2. Computer Architectures 11. Artificial Intelligence 

3. Advanced Microprocessors 12. VLSI System Design 

4. Computer Communications 13. Robotics 

5. CAD/Computer Graphics 14. Compiler Design 

6. Real-Time Systems 15. Distributed Computing 

7. Computer Peripherals 16. Fault-Tolerant Computing 

8. Control & Instrumentation 17. Performance Prediction & Analysis 


Preference will be given to applicants with expertise in both hardware and software 


MATERIALS ENGINEERING 


1. Metal Casting 9, Modern Analytical Examination of 
2. Powder Metallurgy Materials 

3. Welding ; : 10. Metal Working and Forming 

4. Electronic and Magnetic Materials 11. Heat Treatment 


5. Surface Treatment 12. Polymer Science and Processing 

6. Corrosion 13. Composite Materials 

7. Failure of Materials 14. Ceramics 

8. Materials Selection and Design 15. NDT Techniques 
Considerations 16. All aspects of Physical Metallurgy 





Qualifications 

Applicants should possess a good Honours degree anda relevant higher degree. Preference will be given 
to those with teaching/research or industrial experience. Appointees will be expected to initiate and take 
part in research programmes and to participate in academic/professional activities that complement the 
industrial development of Singapore. 


Gross annual emoluments range as follows: 


Lecturer : S$ 53,160-S$ 64,200 
Senior Lecturer : S$ 58,680 - S$100,310 
Associate Professor : S$ 88,650 - S$122,870 
Professor : $$108,870 - S$146,970 


(US$1.00 = S$1.73 approximately) 


In addition to the above, the Institute adopts the Government's practice in the paymentofa variable bonus, 
the quantum of which is tied to national economic performance and has, in past years, ranged from 1 to 
27/8 months of December salary. 


The commencing salary will depend on the candidates’ qualifications, experience, and the level of 
appointment offered. 


Leave and medical benefits will be provided. Depending on the type of contract offered, other benefits 
include: provident fund benefits or an end-of-contract gratuity of 25% of the staff member's last drawn 
monthly salary for each completed month of service, a settling-in allowance, subsidised housing, 
education allowance up to a maximum of S$30,000 per annum, passage assistance, baggage allowance 
and car loan. 


The Institute encourages its staff to undertake outside consulting work of a specialist nature. They are 
permitted to earn and retain such consultation fees up to a maximum of 60% of their gross annual 
emoluments in any one calendar year. 


Campus 

The Institute has a modern campus with up-to-date facilities for teaching and research as well as 
residential and recreational facilities for staff and students. It has one of the largest high-speed campus 
wide network of computing facilities for supporting teaching, research and office automation inthis 
region. Over a hundred engineering workstations and a thousand PCs are supported on NTInetwhich 
runs into all academic staff offices and laboratories. Large computation and file servers available on 
NTInet include three large VAX8820s, one VAX8530, one VAX8200, five VAX3500 servers and ten 
MicroVAX II servers. In addition dedicated CAD/CAM facilities are available in the various Schools. The 
Institute also provides its users with a communication link via NTInet to a supercomputer installed in the 
Singapore Science Park. 


Further information on the above may be communicated to the Institute through BITNET 
to:TFWANG@NTIVAX 
Candidates wishing to be considered should write to: 


THE DIRECTOR 
PERSONNEL DEPARTMENT 
NANYANG TECHNOLOGICAL INSTITUTE 
NANYANG AVENUE, SINGAPORE 2263 


giving their curriculum vitae and the names and addresses of three referees. 
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ADVERTISING RATES 


1 Insertion—$310 
12 Insertions—$3360 
50% discount to IEEE members on three 
Or more insertions. 


If you are an IEEE member, please enclose 
your membership number with the order. 


Copy cannot exceed 1-inch in depth. 

No product may be offered for sale. 
Advertising restricted to professional en- 
gineering and consulting services. 

No orders can be accepted by telephone; 
order and copy must be sent together. 


For any further information and closing dates 
please contact: Advertising Production Dept., 
2127057579. 


THE CONSULTING GROUP 


e RF, Microwave & Fiber Optic Systems 

e RF, Microwave Filters, Amplifier, 
Oscillator & Synthesizer/PLL Design. 

e Antennas 

¢ Analog Electronics 

© Data Communications & Protocols 


71-25 Austin St., Forest Hills, NY 11375 (718) 793-0777 





RF/Analog Circuit Design 


* Communications Equipment Design 

¢ Synthesizers/Phase Locked Loops 

¢ Active/Passive/RF Filters 

¢ Analog Signal Processing 

¢ Audio Processing Circuits 
RLM Research Steven L. Maddy 
PO. Box 3630 President 
Boulder, CO 80307 Tel: 303/499-7566 FAX: 303/499-0877 


RAINES ELECTROMAGNETICS 
Consulting Since 1972 


e¢ Antennas and Arrays 
© Scattering and Radar Cross Sections 
e Radhaz & Environmental Impact 
¢ Simulations of Fields & Phenomena 


Jeremy K. Raines, Ph.D., PE. 
President (301) 279-2972 


CONTROL SYSTEM CONSULTING 


¢ Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

e Electrical, mechanical, hydraulic 

¢ Defense, aerospace, industrial experience 


30 East Gate Road A.R. Hazelton 
Danbury, Conn. 06811 (203) 743-7002 


RESEARCH AND DEVELOPMENT ELECTRONICS 


* Specializing in medical product development 
¢ Ultrasonic Doppler and imaging 

* Low noise wideband amplifiers 

* Analog and digital signal processing 


* Laboratory and prototyping facilities 


For further information contact: 
Steve M. Gehlbach, Ph.D., President 
Kesa Corporation 4701 Patrick Henry Drive #1801 


(408) 748-1814 Santa Clara, CA 95054 





CONSULTING SERVICES 


IRA J. PITEL, Ph.D. 


Consulting, Research and Development 
in Power Electronics and Magnetics 
Power Supplies, Inverters, Converters, Motor 
Drives, Lighting Controls, Industrial Controls, 

Transformers, and Special Magnetics. 


MAGNA-POWER ELECTRONICS, INC. 


135 Route 10 Whippany, NJ 07981 
(201) 428-1197 


O.C.R. inc 


OPTICS © COATING * RESEARCH 

¢ OPTO-MECHANICAL ENGINEERING 
¢ INFRARED SYSTEM ANALYSIS 
° FLIR DESIGN & TEST 
¢ HEAD UP DISPLAYS 
° SPECTROSCOPIC INSTRUMENTS 
© OPTICAL DESIGN & TEST 

Marvin Hutt (201) 337-3155 

107 MANITO AVE, OAKLAND, N.J. 07436 


NOISE, TRANSIENTS AND INTERFERENCE 
¢ FCC, VDE, EMC/EMI 

© Susceptibility, ESD, RF, Transients, Lightning 

e Testing & Retrofit for Product Enhancement 

e UL, VDE, CSA, Other Safety-Related Specs 

* Noise-lmmune Designs and Prototypes 

° FCC Compliance Training & Retrofits 


THE R. Kenneth Keenan 
@  kcenan 


Ph.D., VP Engr. 
CORPORATION 8609 66th St. North 
(813) 544-2594 


Pinellas Park, FL 34666 


Infolytica Corp. (514) 849-8752 


Expert electromagnetics design & analysis 
using MagNet 2D and 3D FEA software. 

© motors © magnetizing fixtures 
© transformers © recording heads 

© actuators © NMR applications 

© /evitators ® magnetic bearings 
© CRT design e etc... 


1140 deMaisonneuve, Suite 1160 Montreal, Canada, H3A 1M8 


LEONARD R. KAHN, P.E. 


Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 
Registered Patent Agent 


222 Westbury Ave. 
Carle Place, NY 11514 
516-222-2221 


Robert J. Abend, P.E. 


Electronics Consultant 
Hardware & Software Design—Neural Nets 
Optical Pattern Recognition—ATE Design 


1265 Palmdale Circle 
Palm Bay, FL 32905 


Telephone & FAX 
(407) 952-2216 


International Compliance Corporation 


Design, Test, & Consulting 
¢ FCC Certification/ Verification 
e VDE, CISPR, VCCI (Japan) 
e ‘'1992’’ European Compliance Testing 
e Product Safety: UL, CSA, IEC, VDE 
Electrostatic Discharge (ESD) 
© MIL-STD 461/462, NARTE-Certified Engineer 


812 Office Park Circle (214) 221-7071 
Lewisville, Texas 75057 TELEX: 403482 (ICC DAL) 


INTEGRATED OPTICAL CIRCUIT CONSULTANTS 
Consulting, Contract R&D, and Prototyping 
Integrated, Fiber, and Guided-Wave Optics 

¢ Applications Engineering 
© Design, Fabrication and Evaluation 
© Critical Analysis of Technology 
¢ Troubleshooting 
* Marketing 
R.A. Becker, D. Sc. 
President 10482 Chisholm Ave. 
(408) 446-9812 Cupertino, CA 95014 


LAN TECHNOLOGY REPORTS 


Newsletters & Librarian Service 

e All IEEE 802 LAN/MAN/IVD stds. 

e FDDI 1, 2 & beyond 

e FieldBus 
SHIP STAR Associates Bob Crowder, President 
36 Woodhill Dr., #19 Newark, DE 19711 
Tel:302-738-7782, FAX:302-738-0855 


Save Meeting/Travel Cost & Time 


Patent Attorney 


Electronics - Signal Processing 


I. Ionescu, MSEE, PE, JD 
Patent Office Reg # 33185 
203-381-9400 (fax/voice) 

Box 697, Stratford, CT 06497 


1 DEAN STREET/BOX 151 
T-TE H HUDSON, MASSACHUSETTS 
TM _ voice: (508) 562 5820 
FAX: (508) 568 1219 


RF/ANALOG/VIDEO/FIBEROPTICS/ASIC’S 
THE CORRECT, AFFORDABLE, AND TIMELY SOLUTION TO 


© FREQ. SYNTHESIS (CONSUMER, BROADCAST, INDUSTRIAL, MIL) 
¢ FIBEROPTICS (LAN'S, VIDEO, AUDIO, DATA, CATV) 

© CATV EQUIPMENT DESIGN 

RF TO 2 GHZ: FILTERS, EQUALIZERS, SYSTEMS, CIRCUITS, PLL’s 
© PROTOTYPING, LAB, R & D, AND CAE FACILITIES 

© THIN/THICK FILM HYBRIDS OR ASIC’S (ANALOG OR MIXED) 


Make It in Hong Kong | Piease contact: 


¢ High Performance/Cost | Marketing Dept. 
o Japanese Quality Micro Research Co., 
e Precious Service Ltd. 


e Excellect Track Record 4111-15, H.K. Plaza, 
We are: 369 Des Voexu Rd, W, 


SEE Hon Kon 
Micro Research Co., Ltd. vee 


Fax: (852) 858-2693 
(Electronic product and 


Tel: (852) 559-3031 
Custom IC developer) Telex: 74773 MICOR HX 


Ratent Attorney 
Robert E. Malm, Ph.D. (M.LT) 
Attorney At Law 
Post Office Box 522 
Pacific Palisades, CA 90272 
Tel: (213) 459-3992 
Fax: (213) 573-1781 


SPREAD SPECTRUM 
RF CUSTOM COMMERCIAL DESIGNS 


Specialize in High Volume, Low Parts Costing 
Long/Short Range Applications ¢ Complete RF Lab 
Facilities « Patented, FCC Approved Designs 


AXONN CORPORATION 
101 W. Robert E. Lee Blvd., 2nd Floor 
New Orleans, Louisiana, 70124; (504) 282-8119 





IEEE SPECTRUM JULY 1991 | 





i 













HUMAN FACTORS 


e Task analysis © Online help design 
e User interface design © User manual writing 
¢ Rapid prototyping ¢ Usability testing 
For further information, contact: 
Joseph S. Dumas, Ph.D. 


American Institutes for Research 
45 North Road, Bedford, MA 01730 
(617) 275-0800, FAX (617) 275-3846 


SOFTWARE ENGINEERING 
¢ RealTime Systems Analysis and Design 
© Methodology Training (Ward & Mellor, 
DeMarco, Yourdon, Object Oriented) 
¢ CASE Training and Implementation 
¢ Mentor Services 
¢ Product Development 


Carl A. Argila, Ph.D., Inc. 
SOFTWARE ENGINEERING CONSULTANT 
800-347-6903 





ELECTROMAGNETIC DESIGN ANALYSIS 


Consultancy by world leaders in 3D electromagnetic 
computation using PE2D, OPERA, TOSCA and ELEKTRA 


* electrical machines e MRI scanners 

* magnetic casting 

¢ scientific apparatus 
* NDT equipment 

* accelerator magnets 
tel: (708) 851-1734 
fax:(708) 851-2106 





* recording heads 
¢ actuators 

¢ transformers 

© loudspeakers 


VECTOR FIELDS INC. 


1700 N Farnsworth Ave, Aurora IL 60505 








Image Processing 
Problems Solved 


536 Broadway 
Aspex NY, NY 10012 


Phone 212-966-0410 
FAX =. 212-966-2289 






CONSULTING & PROTOTYPES 


ELECTRIC MOTORS 


BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 


JAMES R. HENDERSHOT 
TEL: 513-393-9835 
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documentation, and reverse engineering. 
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© Specializing in Spread Spectrum systems. 
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The Institute 


Is MRI safe? 


Some medical researchers are now saying 
that, with the advent of faster and more 
powerful systems, magnetic resonance im- 
aging (MRI) safety should be given more at- 
tention. Their discussions at a recent con- 
ference on the safety issue focused on 
biological effects as well as accidents [THE 
INSTITUTE, July/August, p. 1]. 


A push for gallium arsenide ICs 


As designers of communications products 
eye frequencies above 2 GHz, they are spur- 
ring interest in gallium arsenide ICs, which, 
unlike silicon ICs, can operate at those fre- 
quencies [THE INSTITUTE, July/August, 
p. lj. 


Presidential candidates speak out 


A second installment of THE INSTITUTE’s 
poll of the IEEE President-Elect candidates 
in this fall’s annual election presents the four 
candidates’ views on representation, indus- 
try support, electrotechnical leadership, and 
member services [THE INSTITUTE, July/ 
August, p. 8]. 


NSF funds five engineering centers 


The National Science Foundation (NSF) has 
granted five-year, renewable awards of up 
to US $16.8 million each to five Engineer- 
ing Research Centers at Columbia Univer- 
sity, the Massachusetts Institute of Technol- 
ogy, Purdue University, the University of 
Maryland, and Duke University [THE INSTI- 
TUTE, July/August, p. 2]. 


Laser pumps colors from silicon 


Researchers at Britain’s Defense Research 
Agency in Malvern have produced silicon- 
based semiconductors capable of emitting 
red, orange, yellow, or green light after 
being illuminated by higher-frequency laser 
radiation in the green, blue, or ultraviolet re- 
gion [THE INSTITUTE, July/August, p. 6]. 


Canada buys most U.S. electronics 


Canada is the United States’ best customer 
for electronics, buying more than $12.5 
billion worth of products in 1990, according 
to the Electronic Industries Association, 
Washington, D.C. Japan is second ($8.4 bil- 
lion) and the United Kingdom is third ($6.2 
billion). Japan is the top supplier of electronic 
products to the United States ($30.6 billion), 
followed by Singapore ($6.9 billion) and 
Taiwan ($6.3 billion) [THE INSTITUTE, 
July/August, p. 3). 


Zinc-air battery powers best car 


Four zinc-air battery stacks containing 33 
cells each powered the winning electric ve- 














hicle at the First Annual Solar and Electric 
500 auto race, held in Phoenix, Ariz. [THE 
INSTITUTE, July/August, p. 6]. 


Nuclear and gas power favored 


Over the next 20-30 years nuclear and 
natural-gas-fired plants are likely to win 
favor as the most economical and safe ways 
to generate electricity. That was the conclu- 
sion of interdisciplinary experts who met in 
Helsinki in May to assess how best to ap- 
pease the world’s growing hunger for elec- 
tricity [THE INSTITUTE, July/August, p. 1]. 





Coming 
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What’s next for NASA? The debacles and er- 
rors of the space program in recent years 
have many people wondering what is wrong 
with NASA's organization. Meanwhile, Eu- 
ropeans have commandeered up to half the 
world’s commercial space launch business. 
And now President Bush is ordering a mul- 
tiagency effort for space exploration, involv- 
ing the departments of Defense and Ener- 
gy as well as NASA. This special report 
examines three questions: 

© How does the U.S. space program com- 
pare with those of other countries? 

© Does Bush’s multiagency mandate change 
things or merely ratify the status quo? 

¢ Do NASA's present difficulties differ from 
those of the Apollo era? 


What's new in LANs? The extensive nature of 
electrical engineering activities is persuad- 
ing many companies to invest in local-area 
networks (LANs) so that their engineers, 
however far apart geographically, can share 
design data, confer, and remotely control 
manufacturing. This focus report covers 
such developments in data communications 
as: 
e High-speed LANs: FDDI, 802.6, and 
more. 
¢ LAN interconnection: using bridges, rout- 
ers, and gateways. Evolving Frame Relay 
and SMDS (switched megabit data services) 
are also addressed. 
e High-speed networks like the broadband 
integrated-services network (BISDN) and 
the synchronous optical network (Sonet). 
Also included are tables of representative 
high-speed LAN and LAN interconnection 
systems, as well as tables of prototype 
BISDN switches and integrated circuits for 
Sonets. 


Look, no magnet. In 1820, when Oersted 
deflected a magnetic needle by moving a 
current-carrying wire next to it, he began 
the era of magnetism without magnets. This 
article is part of the Back to Basics series. 
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Cuvee rere? 







New Mathcad 3.0 crunches, 
graphs, updates, and documents 
your work in veal math notation. 

Automatically, 





i=] The resonant frequency is given by the formula 


fac paula 
2a JL-CyCy  Mathcad's Electronic Handbooks.) 


With Cp =50 10 farad = L=2mH ond f= 
We want the other capacitance. We'll use Solve from the Syi] 
3 
eR an a ote a 
(-1+4 Lf aC) 


Gain for various O 1 


(The diagram and the tormula were 
both pasted in from one of 


New symbolic capabilities are 
available with a simple menu pick. 
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It’s the fast, efficient, com- 





prehensive way to do technical 


How to spend less time 
thumbing through books and more 
time thumbing through results. 

New Mathcad 3.0 


Mathcad - [oscillat.mcd] 2) MCAD Handbook Help - ui fat 


File Edit Bookmark Help 


New Windows 3.0 interface makes 
calculation fast and effortless. 


New Electronic Handbooks give 
instant access to hundreds of stan- 
dard formulas. Just click’n? paste. 





Civil and Chemical 
Engineering, Statistics, 
Advanced Math, and 





calculations. 





Move those reference texts off your 
desk. Put that calculator back in your 
Pe And save that che spreadsheet 
or your budgets and bookkeeping. 

It’s time to get problems out of the way 
and make room for answers. With new 
Mathcad 3.0, the major new upgrade to 
the world’s best-selling math software. 

It’s the all-in-one solution with a singular 
purpose: to put results in your hands as 
quickly and thoroughly as possible. 

New Mathcad is a workhorse that handles 
everything from simple sums to matrix 
manipulation. Effortlessly, 


hundreds of standard formulas, useful data, 
even entire calculations. Just click ’n’ paste 
them from a hypertext window into your 
documents, ready to use. 

When you need to simplify a formula, 
Mathcad’s symbolic calculation capabilities 
are available with a simple menu pick. 
There’s no arcane programming ae 
to learn, so you can do integrals, Taylor 
series, infinite sums, and more—all with 
point ’n’ click simplicity. The 

symbolic answer can be used 
for both numerical calcula- 






















naturally. tions or further symbolic 
Simply type your calculations transformation. 
into the live document, You'll also find improved 


equation editing, enhanced 
graphing features, and 
more documentation 
options. So why waste 
time working with 
problems? Join the 
120,000 users that get 
results—with Mathcad. 
e New easy to learn and use 
Microsoft Windows 3.0 interface 
¢ New easy to use symbolic calculations 
e New Electronic Handbooks with hun- 
dreds of built-in solutions 
¢ Optional Applications Packs with ae 
able templates for Electrical, Mechanica 


just like you'd write 
them onascratch pad. % 
And let Mathcad do the 
work for you. It per- 
forms the calculations. 
Graphs in 2-D or 3-D. 
Automatically updates 
results each time you 
change a variable. And 
prints out presentation- 
quality documents, com- 
plete with equations in real 
math notation, even scanned-in graphics. 
Newly upgraded Mathcad 3.0 now has 
Electronic Handbooks for instant access to 
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Numerical Methods 
e Differentials, cubic 


splines, FFTs, matrices and more | ~ Mathead2.s 
sac | 31489 issue. 
e Enhanced 2-Dand 3-D graphics | #348 sme 


Best of °87 


¢ Improved presentation-quality 
documentation 
e PC DOS, Macintosh® and Unix® versions 
also available 

For a FREE Mathcad demo disk, or 
upgrade information*, 
call 1-800-MATHCAD 
(or 617-577-1017, : TB. 
Fax 617-577-8829). Or 
see your software dealer. 
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zi 
S: 
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a 


Available for IBM°compatibles, 
Macintosh computers, and 
UNIX workstations. 





TM and ® signify manufacturer’s trademark or 
registered trademark respectively, 


1-800-MATHCAD 


*Free upgrades available for those who purchase Mathcad 2.5 for DOS from 
5/1/91-6/30/91, Call for details. 
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Australia: Hearne (03) 866 1766; Belgium: SCIA 013/55 17 75; Denmark: Engberg 42 2517 77; Finland: Zenex 90-692-7677; France: ISE-Cegos (1) 46 09 24 00; Germany: Softline (0 78 02) 4036; Italy: Chanel 02-90091773; Japan: CRC 03-3665-9741; 
Netherlands: Klaasing 01620-81600; Norway: Protech 09-959020; Switzerland: Redacom 032 41 01 11; U.K.: Adept Scientific (0462) 480055. In other locations, contact MathSoft, USA. 


The answer Is 


Mathcad 


MathSoft, Inc. 
201 Broadway, Cambridge, MA 02139 USA 
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DiSP. The Big Picture in 
Signal Processing 





DADiSP — interactive graphics and data analysis soft- Flexible, expandable, customizable — annotate your 
ware for scientists and engineers. DADiSP 2.0 delivers graphs and send them to printers, plotters, or publishing 
unprecedented power, through easy-to-use menus. Choose packages. Create your own macros, automate routine 
from hundreds of analysis functions and graphic views — tasks, and run any program written in any language from 
from tables to 3-D. Simultaneously display within DADiSP. DADiSP even lets you build 


multiple windows, each with different data or 
analyses, for unlimited perspective on your 
toughest data analysis problems. 

Build your own analysis worksheets — 
build and display an entire signal processing 
chain, without programming. And DADiSP’s 
powerful graphic spreadsheet automatically 
recalculates and updates the entire chain if 
you change your data or a processing step. 
Do serious signal processing...the way 
you always pictured it! FFTs, digital filter 
design, convolutions, waterfall plots, and 
more — all at the press of a key. 


Data Acquisition and Instrumentation Control — 

use DADiSP/LT and DADiSP/488 to collect data from A-D Ask for our Evaluation Disk. For more information, write 
boards and instruments directly into a DADiSP window to DSP Development Corporation, One Kendall Square, 
for immediate viewing and analysis. Cambridge, MA 02139, or FAX: 617-577-8211. 


DSP 


Development 
Corporation 


your own menus. 


A proven standard — already used by 

thousands of engineers and scientists world- 

wide, in a whole range of applications like 

medical research, signal processing, chemis- 
try, vibration analysis, communications, 
manufacturing quality control, test & 
measurement, and more. DADiSP 
supports the IBM PC and PS/2, SUN, 
DEC VAX, HP 9000, IBM RS/6000 and 
Concurrent families of personal computers 
and workstations. 
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